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The steady decline of grassland bird populations has been attributed to agricultural 
intensification. The establishment of native prairie vegetation for biomass fuel has 
potential to reverse this decline. The Tallgrass Prairie Center at the University of 
Northern Iowa is investigating the potential of perennial native vegetation as a biofuel 
feedstock. In the spring of 2009, research plots located in seven previously row cropped 
fields in Black Hawk County, Iowa, were seeded with one of four treatments of native 
vegetation: 1) switchgrass monoculture, 2) five native warm-season grasses, 3) 16 native 
species, and 4) 32 native species. Treatments were replicated four times across three soil 
types in 48 research plots.  
To assess avian colonization of the site, I conducted visual strip transect surveys of 
birds using the research plots. Beginning at the time of seeding during the 2009 breeding 
season, I sampled in four periods; breeding season, fall migration, winter, and spring 
migration, concluding after the 2010 breeding season. To provide a comparison with the 
surrounding landscape, I sampled plots in adjacent row crop fields during the 2009 fall 
migration and 2010 breeding season. 
I did not detect differences in avian abundance, species richness, or diversity between 
the biomass production plots until the second growing season. During the 2010 breeding 
season, the combination of treatments and soil types provided a mosaic of habitat types 
that together supported greater species richness and diversity than any of the habitat types 
alone. In general, differences were detected between two treatment groups, Grasses 
(treatments 1 and 2) and Forbs + Graminoids (treatments 3 and 4) and two soil type 
groups (dry and mesic to wet). Avian abundance, species richness, and diversity were 
significantly greater in Forbs + Graminoids than Grasses and, in turn greater in Grasses 
than row crops. Generally, avian community composition on all but the driest soil type 
varied significantly between Grasses and Forbs + Graminoids. Regional avian species 
richness and diversity would be maximized by planting a variety of native biofuel 
feedstock mixes on a variety of soil types. Further research on a broader scale is required 
to verify this assessment. 
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It has been nearly twenty years since ornithologists first warned that grassland birds 
were declining more rapidly than any other avian guild in North America (Askins 1993, 
Herkert 1994, Knoph 1994), and yet many grassland bird populations continue to decline 
(Donald et al. 2006, Sauer et al. 2011). Analysis of North American Breeding Bird 
Survey (BBS) data collected between 1966 and 2007 indicates that only two out of 28 
grassland bird species had significantly increasing population trends during this period 
while 17 species significantly declined (Sauer et al. 2011). Fragmentation and 
degradation of breeding habitat appears to be the leading cause of population declines 
(Murphy 2003).  
The tallgrass, mixed grass, and short grass prairies of the central United States were 
the historic breeding grounds of many of North America's grassland birds (Mengel 1970), 
and most over-winter on the continent (Mac Arthur 1959, Wilson 1976). Since most 
native grasslands in North America have been converted to agricultural production, 
grassland birds are largely dependent on managed lands for breeding and over-wintering 
habitat (Askins et al. 2007). The purpose of this review is to explore the influence of 
agricultural practices and policies on grassland bird populations, including the increasing 
establishment of biofuel feedstocks. In light of mandates for expanding biofuel 
production (ESIA 2007), there is a need to understand the impact our biofuel feedstock 
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choices have on bird populations; however, there is a lack of empirical data to guide our 
choices (Farigone et al. 2009).  
Grassland-dependent bird population declines are attributed to a variety of factors, 
most of which are a consequence of agricultural specialization and intensification 
(Newton 1998, Askins et al. 2007). For example, in the upper midwestern United States, 
a transition to industrial agriculture with monoculture production of predominantly corn 
(Zea mays) and soybeans (Glycine max) began in the 1950’s. This system displaced the 
previous system of smaller, more diverse farms producing an approximate 50% mix of 
row and sod crops (Jackson 2002) in a patchwork landscape capable of supporting 
grassland bird species (Best et al. 1995). This single transition eliminated 3.5 million ha 
of managed grassland habitat in Iowa between 1954 and 2007 (NASS 2000, 2009).  
Habitat fragmentation caused by agricultural intensification has led to smaller, more 
isolated patches of suitable breeding habitat for grassland birds. Smaller patches support 
fewer bird species, and grassland bird home range requirements limit the number of pairs 
that can establish a territory in a given patch (Herkert 1994, Helzer and Jelinski 1999). 
Habitat degradation and increased isolation expands home range requirements for some 
species (Herkert et al. 1999, Horn and Koford 2004) and, in combination with smaller 
patch size, moderates the number of individuals that find a suitable patch (Diamond 
1975). Fragmentation reduces the number of habitat patches large enough to support a 
breeding territory for area-sensitive species, whose habitat area requirements exceed 
territory size (Herkert 1994, Winter and Faaborg 1999, Davis 2004). As patch area 
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decreases, perimeter-to-area ratio rises, increasing the likelihood that suitable habitat will 
be located near a wooded edge, a landscape feature many grassland birds avoid when 
establishing nesting territories (Coppedge et al. 2001, Bakker et al. 2002, Fletcher and 
Koford 2002, Fletcher and Koford 2003).  
Fragmentation also causes declines in grassland bird fecundity due to increased nest 
predation and brood parasitism. Predation is the leading cause of nest failure for 
grassland birds (Best et al. 1995, Patterson and Best 1996), and nest predation and 
parasitism rates are higher in habitats that are fragmented by agriculture (Donovan et al. 
1997, Chalfoun et al. 2002, Stephans et al. 2003). In the tallgrass prairie region, nest 
predation rates are higher in smaller fragments (Herkert et al. 2003), especially when 
nests are located near a wooded edge (Johnson and Temple 1990, Burger et al. 1994, 
Winter et al. 2000). Brood parasitism rates by Brown-headed Cowbirds (Molothrus ater) 
are higher near wooded edges (Best 1978, Johnson and Temple 1990, Patten et al. 2006), 
although some think that regional cowbird abundance has a greater influence on 
parasitism rates (Herkert et al. 2003). 
In the upper midwestern United States, where monocultures of row crops dominate the 
landscape, chemicals are the main tool used to protect crops from agricultural pests. The 
extent of chemical application has increased significantly in recent years. In Iowa, 
herbicide treatment increased by 15% from 6.8 million ha in 2002 to 7.8 million ha in 
2007 (NASS 2009). This is an area equivalent to a little over one half of the state. 
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Likewise, insecticides were applied on 1.5 million ha in 2002, more than doubling to 3.1 
million ha by 2007 (NASS 2009).  
Birds may die from direct exposure to insecticides or from secondary poisoning by 
ingesting contaminated food. Documentation of poisoning is difficult since affected birds 
often hide or are consumed by predators or scavengers (Newton 1998, Pimenthel 2005). 
In 2002, fipronil, the most widely used insecticide in Iowa, was used to treat over 
340,000 ha, or about 7%, of the corn crop (NPUD 2002). Fipronil is highly poisonous to 
upland game birds, and a metabolite, fipronil sulfone, also known as MB 46136, is more 
toxic to those bird species studied (EPA 1996) and more persistent in the environment 
(Mohapatra et al. 2010) than the parent product. It is difficult to understand the overall 
impact of fipronil on bird populations because few bird species have been studied, and 
toxicity varies between species and product formulations (Kitulagodage et al. 2008). 
Perhaps of greater significance, herbicide use can negatively alter avian habitat (Best 
1972, Dwernychuk and Boag 1973) and food supply by reducing arthropod density and 
diversity, or seed availability (Moreby and Southway 1998, Taylor et al. 2006). 
Arthropods are an important food resource for birds during the breeding season. For 
example, arthropods represent 50% or more of the diet for Dickcissel (Spiza americana), 
Lark Bunting (Calamospiza melanocorys), McClown's Longspur (Rhynchophanes 
mccownii), Chestnut-collared Longspur (Calcarius ornatus), Bobolink (Dolichonyx 
oryzivorus), Grasshopper Sparrow (Ammodramus savannarum), Savannah Sparrow 
(Passerculus sandwichensis), Lark Sparrow (Chondestes grammacus) and Vesper 
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Sparrow (Pooecetes gramineus) during the summer months (Gross 1921, Martin et al. 
1951, Baldwin 1973, Weins 1973). In a manipulative experiment designed to determine if 
herbicide and fungicide use affected Gray Partridge (Perdix perdix) chick survival in 
Britain, Rands (1985) reported larger broods, greater chick survival, and greater insect 
abundance in cereal fields with an untreated periphery versus completely treated fields. 
Newton (1998) asserts that the decline in Britain of the Linnet (Carduelis cannabina), 
which chiefly feeds on farmland weed seeds, can be attributed to increased use of 
herbicides for farm weed control. Clearly avian habitat quality in crop fields is declining 
over time. However, there are agricultural lands in the United States that provide 
alternative habitat for grassland birds.  
The Conservation Reserve Program (CRP), established by the United States 
Department of Agriculture in 1985, showed promise to improve breeding habitat 
conditions for grassland birds in the United States. Conservation Reserve Program 
contracts extend for 10 or more years and provide payments to landowners who plant 
perennial vegetation on qualified erodible land previously used for row crop production 
or set aside ecologically sensitive land (Cowan 2008). In 2009, there were 2.2 million ha 
of planted and natural grasslands under CRP contract in the upper midwestern United 
States (FSA 2009), down from 2.8 million ha in 2007 (FSA 2007). In this region, 
grassland bird abundance, species richness, and nesting rates are higher in CRP fields 
than row crop fields (Johnson and Schwartz 1993, Patterson and Best 1996, Best et al. 
1997). Grassland birds commonly observed in CRP fields are more likely to be declining 
species of conservation concern than species typically observed in row crop fields 
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(Johnson and Igl 1995). Analyses of BBS population indices at the state level indicate 
half of the grassland bird species studied transitioned from population decline before 
CRP to population growth after CRP (Reynolds et al. 1994). Nest success rates in CRP 
fields are deemed sufficient for population growth by some observers (Best et al. 1997), 
while others note CRP fields function as population sinks for some grassland bird species 
(McCoy et al. 1999).  
Variation between CRP fields of biotic and abiotic factors influencing avian 
abundance and breeding success may explain inconsistencies in the literature. 
Conservation Reserve Program fields are composed of a variety of native and non-native 
plant communities (Best et al. 1997) and plant community composition does influence 
grassland bird abundance in CRP fields (Bakker and Higgins 2009). Climatic conditions 
(Herkert and Glass 1999), habitat heterogeneity (Mengel 1970), successional stage 
(Coppedge et al. 2001, Grant et al. 2004), plant community composition (Bakker and 
Higgins 2009), and relative abundance of grassland habitat within the matrix (Johnson 
and Igl 2001, Horn and Koford 2004) all appear to influence local grassland bird 
abundance and breeding success in CRP fields.  
The fact that grassland bird population declines continue suggests that, 1) CRP 
grasslands may not provide optimal resources for breeding grassland birds (McCoy et al. 
1999, Bakker and Higgins 2009, 2) impacts of further agricultural intensification may 
offset gains from CRP, or 3) grassland area under CRP contract has not kept pace with 
further habitat losses to agricultural production. It is likely all three factors play a role in 
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grassland bird population declines. In regard to the latter, harvested crop land increased 
11.1 million ha in the United States between 1987 and 2007 (USNASS 2007), while 10.3 
million ha of grasslands enrolled in CRP at the end of 2007 (FSA 2007) decreased to 9.3 
million ha by 2009 (FSA 2009).  
Conservation Reserve Program area decreased in part due to a reduction in the ceiling 
of permitted acres by the Food, Conservation, and Energy Act of 2008; however, higher 
corn prices, supported by subsidies and mandates for increased production of ethanol 
(Tyner 2008), provided an incentive for landowners to plant corn in place of CRP and 
existing grasslands (Fargione et al. 2009). During the two year period beginning in 2006, 
corn prices increased from $87 to $217 per metric ton and spurred the planting of an 
additional 6.25 million ha of corn in 2007 (Tyner 2008). Secchi et al. (2009) predict corn 
priced at $118.10 per metric ton would result in almost half of Iowa's CRP land being 
returned to row crop production if landowners based decisions solely on economic 
considerations. Between 2007 and 2009, CRP acreage in Iowa declined approximately 
25% (FSA 2007, 2009). Between 2008 and 2011 in the 48 contiguous United States, 
more than 9.5 million ha of wildlife habitat was converted to crop production (Faber et 
al. 2012). That represents an area roughly two-thirds the size of Iowa converted to crop 
production in just three years. This conversion happened largely in the Upper Midwest 
and Great Plains regions and land was predominantly converted to the production of corn 
and soybeans.  
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Conventional biofuels, such as corn ethanol, marginally reduce fossil fuel 
consumption and greenhouse gas emissions (Hill 2009) but have unintended 
consequences. They compete with land used for food production (Tilman et al. 2009). If 
existing ecosystems are destroyed to establish crop fields, such biofuel crops may result 
in a net increase of greenhouse gas emissions (Fargione et al. 2008). Increased 
production of corn ethanol or soy biodiesel, required to meet mandates set by the Energy 
Independence and Security Act of 2007 (EISA 2007), will likely lead to further losses of 
grassland bird habitat and subsequently additional avian population declines in the upper 
midwestern United States (Meehan et al. 2010).  
Because energy demand is great and growing, our biofuel feedstock choices will have 
a large effect on land use (Williams et al. 2009, Meehan et al. 2010). Biofuel feedstocks 
can be obtained from many sources (Fargione et al. 2009), but, for economic reasons, 
significant attention has been given to the establishment of monocultures of herbaceous 
perennial hybrids and cultivars (Lewandowski et al. 2000). In Europe, the use of 
miscanthus (Miscanthus × giganteus GREEF et DEU) has been studied for over two 
decades (Lewandowski et al. 2000) while the USA has focused on switchgrass (Panicum 
virgatum) cultivars (Hartman et al. 2011). Bird abundance and diversity are greater in 
miscanthus and switchgrass fields compared to other monocultures (Semere and Slater 
2006, Bellamy et al. 2008, Robertson et al. 2010). Switchgrass provides food and shelter 
(e.g. Judd 1901, Marshall 1948), whereas miscanthus, being self-sterile, provides only 
shelter. Weeds growing within the field and at its margins are important resources for the 
birds in monoculture biofuel feedstocks (Semere and Slater 2006, Bellamy et al. 2008, 
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Robertson et al. 2010) but are likely undesirable to managers. Large scale establishment 
of monoculture crops will reduce habitat heterogeneity and minimize the benefits to avian 
biodiversity (Bakker and Higgins 2009, Williams et al. 2009). In order to fully appreciate 
the influence monoculture production of biofuel feedstocks may have on grassland bird 
abundance and diversity, they must be assessed alongside polycultures.  
The establishment of low input/high diversity (LIHD) native vegetation as a biofuel 
feedstock has the potential to provide habitat for grassland birds while at the same time 
reducing the energy and chemical inputs required by conventional biofuels (Tilman et al. 
2006). Meehan et al. (2010) modeled avian biodiversity under two alternative biofuel 
feedstocks in the upper midwestern United States; high input/low diversity (HILD) crops 
such as corn, and LIHD crops such as native perennial grassland vegetation. For each 
scenario, avian species richness on 70% of the landscape remained constant. Avian 
richness was predicted to increase under the LIHD scenario and decrease under the HILD 
scenario on the remaining 30% of the landscape. There is a positive relationship between 
plant community diversity and arthropod diversity and abundance (Haddad et al. 2001, 
Gardiner et al. 2010, Robertson et al. 2010, Myers et al. 2012). Since arthropods are an 
important food source for nestlings and fledglings, their abundance and diversity may 
enhance avian egg production and nesting success rates (Robertson et al. 2010).  
There is also a positive relationship between plant community diversity and structural 
heterogeneity, both of which are important factors influencing avian communities (Wiens 
1974, Rotenberry 1985, Sample 1989, Roth et al. 2005, Bakker and Higgins 2009, 
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Robertson et al. 2010, Robertson et al. 2011, Myers et al. 2012). Robertson et al. (2010) 
compared avian use of corn fields with switchgrass monocultures and mixed grass prairie 
managed as wildlife habitat. They observed significantly greater avian abundance and 
species richness in switchgrass and mixed grass prairie than in corn. They also observed a 
positive relationship between forb cover and breeding bird abundance and species 
richness within switchgrass and mixed grass prairie. However, these areas did not share a 
uniform management history and were not managed specifically for biomass production.  
While research conducted in restored prairie and CRP grassland can shed light on the 
impact of our biofuel feedstock choices on birds, other factors such as plant community 
composition, field area, local landscape features, and climatic conditions vary (McCoy et 
al. 1999, Johnson and Igl 2001, Vickery and Herkert 2001) and confound direct 
comparisons among sites. Recent research has focused on the effects of area, stand age, 
and structural heterogeneity (Millenbah et al. 1996, Bakker et al. 2004, Olechnowski et 
al. 2009) on avian presence and breeding success in restored grasslands, but few have 
assessed the role of plant community diversity as a cue for grassland bird settlement at 
sites planted specifically for biofuel production. In eastern South Dakota and western 
Minnesota, Bakker and Higgins (2009) observed significantly greater avian species 
richness in native sod prairie than all planted grasslands except native warm-season 
mixed plantings; however, seeded plant community diversity was low (3-4 species) and 
warm-season native mixes were composed of just three grasses. In northern Missouri, 
McCoy et al. (2001) observed no differences in avian abundance, species richness, or 
diversity between introduced and native plantings; however, introduced plantings 
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included multiple species and native plantings were switchgrass monoculture. There is a 
need for a better understanding of the role plant community diversity plays in avian 
colonization at a local scale where the influence of confounding factors can be 
minimized. 
Here I present the results of a study of bird and plant communities during early 
establishment of a heterogeneous prairie biomass production site in Iowa, USA. In 2009, 
research plots on a site with a 20-year history of row crop production were seeded with 
one, five, 16 or 32 species of native prairie vegetation. I monitored plant and bird 
communities in the biomass research plots from the time of seeding through the second 
growing season. I sought to address the following questions: 
1) Does biofuel feedstock diversity influence avian abundance, species richness, 
diversity, or community composition during early establishment? 
2) How do bird abundance, species richness, and diversity in native perennial biofuel 
feedstocks compare with annual row crops currently used for biofuel production? 
  




Study Site  
I conducted my research at the Cedar River Natural Resource Area (CRNRA) in Black 
Hawk County in east central Iowa, USA (N42 23.067 W92 13.791; Figure 1.). The 
CRNRA is owned by the Black Hawk County Conservation Board and includes seven 
agricultural fields that were managed for row crop production of corn and soybeans for 
approximately two decades, including the growing season preceding the establishment of 
native vegetation for this study. Thus, the entire site has a consistent management history.  
The site was converted from row crop production to native vegetation in May 2009. 
Forty-eight research plots ranging from 0.30 to 0.56 ha were established in seven 
agricultural fields ranging from 3.7 to 6.1 ha and separated by stands of wooded 
vegetation 30 to 70 meters wide. The research plots were situated on three soil types: 1) 
Flagler sandy loam, (drainage class (DC) = “somewhat excessively drained,” corn 
suitability rating (CSR) = 50), 2) Saude loam, (DC = “well drained,” CSR = 63) and 3) 
Spillville-Coland complex, (DC = “somewhat poorly drained,” CSR = 60) (Steckly 
2006). From this point forward, I refer to these three soil types as sandy loam, loam, and 
clay loam respectively.  
Each plot was assigned one of four treatments of native vegetation: 1) Switchgrass (a 
switchgrass monoculture), 2) Warm-season grass (five species of warm-season grasses,  
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Figure 1: Cedar River Natural Resource Area in Blackhawk County Iowa, USA (N42 
23.067 W92 13.791). Treatment plots are shown within field boundaries with row crop 
plots in adjacent farm land. 
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including switchgrass), 3) Biomass (the five warm-season grasses plus eleven other 
grasses and forbs), and 4) Prairie (the species Biomass plus sixteen other graminoids and 
forbs). Table 1 provides a complete list of the Iowa source identified seed included in 
each treatment along with seeding rates. From this point, I refer to all four treatments 
collectively as the biomass production plots. There were four replicates of each treatment 
on each of the three soil types (4 treatments × 3 soil types × 4 replicates = 48 plots total).  
Between 25 May and 10 June 2009, research plots were seeded using a Truax no-till 
drill. The seed for each plot was individually mixed, and seeding progressed from the 
least to most diverse treatments to avoid the possibility of plot contamination from 
residual seed in the drill box. After seeding the research plots, 2-4 m buffer strips of cool 
season vegetation (Dan Patch horse pasture mix, Des Moines Forage & Turf Seed Corp., 
Ankeny, Iowa) were seeded in lanes between the plots at a rate of 11.2 kg ha
-1
. The 
remaining field area not planted as research plot or cool season buffer strip was seeded 
with the species included in the Prairie mix at doubled forb seeding rates during fall of 
2008 (Williams, personal communication). 
In late July 2009, the area was mowed at a height of approximately 10 cm to control 
weeds and enhance growing conditions for native plants (Williams et al. 2007). No other 
management, other than occasional mowing of the buffer strip lanes, was conducted at 
the site after seeding. No fertilizers or pesticides were applied nor were the plots burned 
or harvested prior to the completion of this study. 
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Table 1: Species composition and seeding rates in four experimental biomass production 
treatments seeded with Iowa source identified seed in Black Hawk County, Iowa, USA. 
Plant taxonomy from Eilers and Roosa (1984). 





 Biomass Prairie 
Panicum virgatum (switchgrass) 561 86 43 32 
Andropogon gerardii (big bluestem)  151 151 135 
Bouteloua curtipendula (side-oats grama)  86 43 32 
Schizachyrium scoparium (little bluestem)  151 151 135 
Sorghastrum nutans (indiangrass)  86 43 32 
Agropyron smithii (western wheatgrass)   43 32 
Elymus canadensis (Canada wildrye)   43 32 
Elymus virginicus (Virginia wildrye)   43 32 
Astragalus canadensis (milk vetch)   38 16 
Desmodium canadense (showy tick trefoil)   38 16 
Heliopsis helianthoides (ox-eye sunflower)   38 16 
Lespedeza capitata (round-headed bush clover)   38 16 
Solidago rigida (stiff goldenrod)   38 16 
Ratibida pinnata (yellow coneflower)   38 16 
Helianthus grosseserratus (saw-tooth sunflower)   38 16 
Silphium laciniatum (compass plant)   3 3 
Carex bicknellii (copper-shoulder oval sedge)    32 
Carex brevior (plains oval sedge)    32 
Carex gravida (long-awned bracted sedge)    32 
Sporobolus asper (tall dropseed)    32 
Amorpha canescens (leadplant)    16 
Artemisia ludoviciana (prairie sage)    16 
Aster laevis (smooth blue aster)    16 
Aster novae-angliae (New England aster)    16 
Baptisia leucantha (white wild indigo)    1 
Dalea purpurea (purple prairie clover)    16 
Echinacea pallida (pale purple coneflower)    16 
Erynigium yuccifolium (rattlesnake master)    16 
Monarda fistulosa (wild bergamot)    16 
Phlox pilosa (prairie phlox)    3 
Tradescantia bracteata (prairie spiderwort)    16 
Zizia aurea (golden alexanders)    16 
a
 Warm-season grass 
 
  16 
Vegetation Characteristics 
From 19 May through 2 June 2010, vegetation characteristics were sampled along 50 
m transects randomly established in each plot. A 1 m
2
 quadrat was randomly placed at 3 
m intervals along each transect providing fifteen samples per plot. Within each quadrat, 
the height of the tallest living grass and forb were measured (cm) and recorded as 
maximum grass and forb height. Visual obstruction readings (VOR), which estimate 
vegetation height density, were measured using a 1.2 m Robel pole placed at the center of 
each quadrat. Measurements were taken 4 m from the pole 1 m above the ground in each 
of the four cardinal directions (Robel et al. 1970). Variation in vegetation height density 
was estimated using VOR coefficient of variation (CV). Visual obstruction readings were 
averaged and the CV was calculated for each quadrat. Percent cover of litter, standing 
dead, bare ground, grass, forb, and wooded vegetation (Daubenmire, 1959) were estimated 
in two 0.1 m
2
 quadrats placed in the outside corners of each 1 m
2
 sample frame (15 × 2 = 
30 per plot) and averaged to obtain a value for the quadrat. Due to the inverse relationship 
between percent litter and percent bare ground, I combined them into a ratio. For each 
measured variable, I calculated a plot mean from the 15 quadrat subsamples.  
Avian Surveys 
I conducted visual surveys to assess avian use of the research plots during four 
sampling periods: breeding season (1 May – 9 August 2009 and 2010), fall migration (16 
September – 16 November 2009), winter (1 January – 2 March 2010), and spring 
migration (23 March – 9 April 2010).  
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I conducted my surveys at varying times of the day depending on the survey period. 
Breeding season surveys were typically conducted between sunrise and 10:30 am CDT. 
On occasion, when heavy dew or rain delayed morning bird activity, the survey session 
was extended beyond 10:30 am. However, no surveys were conducted later than 12:00 
pm despite evidence suggesting song rates for breeding grassland birds are fairly 
consistent throughout the day (Kantrud 1981, SR Swengel 1996). Spring and fall 
migrating bird surveys were conducted in the three-hour windows between 30 min after 
sunrise or 30 min before sunset (Igl and Ballard 1999). Winter bird surveys were 
typically conducted between 12:00 pm and 4:30 pm during the warmest part of the day.  
Because it was not possible to survey all 48 plots in a single session, I surveyed a 
restricted randomly selected subset of the plots, typically 17%-33% of the entire area, on 
any given day. Thus, it required 3-6 survey sessions to survey all of the research plots. 
Once a plot was selected, adjacent plots were either excluded from that survey session or 
surveys on adjacent plots were temporally separated to avoid counting birds flushed into 
an adjacent plot. On several occasions, adjacent plots were sampled simultaneously by 
two observers. Beginning in 2010, an equal number of plots of each treatment were 
included in each survey session to minimize bias associated with external factors, such as 
local weather conditions, that might influence avian activity. During the 2009 breeding 
season, 34 of the 48 research plots were sampled 2 to 8 times each. During the 2009 fall 
migration, 44 plots were surveyed 1 to 5 times each. In 2010, each of the 48 plots was 
sampled 3 times during spring migration and 9 times during the breeding season (3 times 
each during May, June, and July).  
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All surveys were conducted in favorable weather conditions (Ralph et al. 1993). 
Surveys were not conducted in precipitation, fog, or when local wind speed exceeded 25 
km h
-1
. Local wind speed was measured using a Kestrel
®
 3500 Pocket Weather
®
 Meter 
(Nielsen-Kellerman, Boothwyn, PA). I performed my surveys by walking transects 
bisecting each plot parallel to its longest dimension using a protocol adapted from 
Japuntich et al. (2006). I monitored avian activity within a single plot in each survey. 
Plots varied in dimension, so transect length ranged from 56 to 191 m. Transect end 
points and plot boundaries were marked with pin flags mounted on 2 m poles. Surveys 
progressed at a pace of approximately 1 m every 5 sec, requiring approximately 5 to 15 
min of survey time per plot. I used occasional pauses to encourage hiding birds to flush 
(personal observation). When an individual was not immediately identified using visual 
or auditory cues, I paused to follow-up on the observation. Birds often flew to adjacent 
trees, forbs, and field margins, providing an opportunity for visual identification or 
validation. When pauses were necessary, I resumed the survey from the point where it 
was interrupted. When possible, I photographed birds using a Panasonic Lumix DMC-
TZ4 or a Nikon D-90 equipped with a Tamron 18-270 mm macro zoom lens. I used a 
digital voice recorder (Olympus DS-50) to record all avian vocalizations (songs, calls) 
during the entire session. When possible, these recordings were used to validate 
identifications of observed individuals. 
I only recorded observations where the individual entered, departed from, or was seen 
or heard using habitat within the plot being surveyed. For each observation, species, 
distance and direction from transect, distance and direction from nearest plot edge 
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perpendicular to the transect, and observed activity were recorded. Fly-overs and 
observations outside the survey plot, including mowed lanes, were not counted. I 
recorded data using a second digital voice recorder, and these data were transcribed to a 
Microsoft Access database as soon as possible after each survey session. 
In addition to the biomass production plots, I also surveyed adjacent row crop fields 
during the 2009 fall migration and 2010 breeding season. While these plots were not 
specifically planted as part of this study, they represent the habitat available to birds in 
row crop fields immediately adjacent to the site. For 2009 fall migration surveys, seven 
plots (total area = 3.35 ha; x̄  = 0.48 ha) were established on adjacent harvested row crop 
fields on sandy loam soil and were sampled 1 to 4 times each. During the 2010 breeding 
season, twelve plots (total area = 4.8 ha; x̄  = 0.4 ha) were established on adjacent row 
crop fields on sandy loam and clay loam soils and were sampled 6 times each (three times 
each in May and June). I did not survey row crop plots in July 2010 since the corn had 
grown to a height that limited my ability to detect birds.  
Data Analysis 
For vegetation characteristics, I used two-way analysis of variance to test for 
differences between treatment and soil type and a posteriori Fisher’s LSD test (Day and 
Quinn 1989) for multiple pair-wise comparisons when my analysis indicated significant 
effects. 
Within each survey period, I converted raw counts of birds to densities (observations 
ha
-1
) and calculated average bird abundance, total species richness, and Simpson’s 
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reciprocal index of diversity for each plot surveyed. Surveys conducted during the 2009 
breeding and fall migration periods included an unequal number of visits to each plot and 
only those plots that were visited two or more times were included in my analysis. For 
2010 breeding season survey analysis, I divided the data into three monthly periods 
(May, June, and July) with three samples in each plot for each period. To compare bird 
abundance, species richness and diversity between the 2009 and 2010 breeding seasons, I 
used Wilcoxon signed rank tests. To compare avian use of row crop and biomass 
production plots during the 2010 breeding season, I pooled the data from May and June 
(6 samples per plot) then placed the Switchgrass and Warm-season grass plots into a 
group called Grasses (n = 24) and the Biomass and Prairie plots into a group called Forbs 
+ Graminoids (n = 24). I excluded row crop survey data from all analyses that included 
soil as a factor since there were no row crop plots situated on loam soil. 
I used analysis of variance to determine if there were differences in avian abundance, 
richness, or diversity among groups. For 2009 data, I used one-way analysis of variance 
between treatments and in 2010 I used two-way analysis of variance with soil type as the 
additional factor. I pooled biomass production plot data collected during fall 2009 
migration for comparisons with row crop data. To assess the effect of time during 2010 
breeding surveys, I treated each month (May, June, July) as a separate sample period and 
performed a two-way repeated measures multivariate analysis of variance with month as 
the repeating factor. To test for differences between row crop, Grasses, and Forbs + 
Graminoids during the 2010 breeding season, I used one-way analysis of variance. Data 
were square root transformed using √      when necessary to obtain homogenous 
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variances. I used a non-parametric Kruskal-Wallis test or Wilcoxon signed rank test when 
homogenous variances could not be achieved through transformation. I used Fisher’s 
LSD test (Day and Quinn 1989) for multiple pair-wise comparisons when univariate 
analysis indicated significant effects and Bonferroni correction when multivariate 
analysis indicated significant effects.  
I tested for differences in 2010 breeding bird community structure in the biomass 
production plots by vegetation and soil type using permutational multivariate analysis of 
variance (PERMANOVA; Anderson 2001). I used the average abundance of each species 
observed during the entire 2010 breeding season for each plot (9 surveys per plot) and 
square root transformed the data to reduce the influence of dominant species (Clarke and 
Green 1988). I excluded row crop data from this analysis as row crop plots were not 
situated on all three soil types. Since it is commonly used in ecological community 
analysis, I used the Bray-Curtis dissimilarity measure to generate a distance matrix 
(Clarke et al. 2006). I performed 9,999 permutations and used monte carlo p values to 
assess a posteriori multiple pair-wise comparisons of significant interactions when the 
number of unique values was substantially less than the number of permutations 
(Anderson 2008).  
To provide a graphic representation of variation in avian community structure during 
the 2010 breeding season, I plotted the relative abundance versus percent occurrence of 
each species in treatment × soil type groups, excluding species with less than four total 
observations or less than three observations within the group. Relative abundance was the 
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number of observations of a given species within the treatment × soil type group divided 
by the total observations within that group. Percent occurrence was the number of 
surveys in which a given species was observed within a given treatment × soil type group 
divided by the total number of surveys within that group.  
I also used non-metric multidimensional scaling (NMDS) to visualize patterns of 
variation in avian community structure among treatment × soil type groups (Clarke and 
Warwick 2001) and NMDS bubble plots of individual species abundances to determine 
which species contributed to dissimilarity among treatment × soil type groups. 
Statistical analyses were conducted using Systat 12 (SYSTAT Software Inc., Chicago, 
Illinois, USA) and Primer 6 (version 6.1.13) with PERMANOVA + (version 1.0.3) 
(PRIMER-E Ltd., Plymouth PL1 3DH, UK) software. Graphs were constructed using 
Sigmaplot 12 (SYSTAT Software Inc., San Jose, California, USA) and bubble plots were 
generated by Primer 6 (version 6.1.13). 





Many vegetation characteristics varied significantly among soil types (Table 2). 
Overall, vegetation on loam and clay loam was dense and well developed but 
comparatively sparse on sandy loam. For example, maximum grass and forb height and 
vegetation height density were significantly greater on loam and clay loam than on sandy 
loam. Structural heterogeneity, estimated using the coefficient of variation of visual 
obstruction readings, was greater on sandy loam than the other two soils. Generally, litter 
coverage, estimated using the ratio of litter to bare ground coverage, increased with soil 
moisture; however, analysis of variance indicated significant interaction. Generally, litter 
coverage was greater in Warm-season grass than the other three treatments, except on 
sandy loam where this pattern was reversed. 
Vegetation characteristics also varied among treatments (Table 2). Forbs were 
emergent over the grass canopy and significantly taller in the Biomass and Prairie 
treatments versus the Switchgrass and Warm-season grass treatments. Vegetation height 
density was significantly lower in Warm-season grass and highest in Switchgrass and 
Biomass.  
Standing dead cover varied by treatment and soil type with significant interaction. In 
general, except for sandy loam where all treatments were similar, standing dead cover  
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Table 2: Vegetation characteristics by treatment and soil type. Means labeled with the 





























Mean 59.8 51.8 x 32.0 yz 0.27 2.5 21.7 32.8 x
SD 12.3 19.7 14.1 0.10 1.9 12.0 16.0
Mean 52.7 42.6 x 23.8 x 0.32 3.5 10.5 46.4 y
SD 9.6 14.6 9.1 0.09 2.0 4.4 14.3
Mean 57.2 68.6 y 36.1 z 0.30 2.5 10.8 44.8 x
SD 8.6 16.6 14.0 0.09 1.1 3.2 8.5
Mean 55.2 66.7 y 29.8 y 0.32 2.2 10.3 34.7 x
SD 8.8 13.5 11.2 0.09 0.9 4.2 7.2
Soil
Mean 48.7 x 40.9 x 16.7 x 0.38 x 1.8 8.6 31.4 x
SD 5.6 14.2 7.7 0.07 1 4.6 11.1
Mean 63.2 y 65.8 y 37.7 y 0.25 y 2.6 17.3 41.6 y
SD 9.4 17.1 7.5 0.08 1.5 10.3 14.7
Mean 56.7 z 65.7 y 36.8 y 0.28 y 3.5 14 35.9 xy
SD 8.8 14.7 9.4 0.08 1.8 6.7 12.2
p values
0.165 <0.001 0.001 0.171 0.124 <0.001 0.040
<0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.007
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was significantly greater in Switchgrass than the other three treatments and on loam and 
clay loam than sandy loam. 
2009 Breeding Bird Surveys 
During the 2009 breeding season, avian use of the site was limited. I observed one or 
more birds on 25% of surveys and recorded 77 individuals representing 7 species (Table 
3) in 166 surveys (covering 14.2 km of transects and 70.1 ha). I observed a pooled mean 
abundance of 1.1 birds ha
-1
 in the biomass production plots. There were no differences in 
avian abundance, species richness, or diversity between treatments, and no nesting 
activity was detected in the plots. Native vegetation seeded in the spring of 2009 still had 
cotyledons at the end of the survey period. 
Table 3: Bird observations by treatment during the 2009 breeding season. 
Scientific Name Observations by Treatment 
Switchgrass Warm-
season grass 
Biomass Prairie Total 
Chondestes grammacus 9 2 17 6 34 
Spizella passerina 3 15 5 5 28 
Zenaida macroura 0 2 1 3 6 
Turdus migratorius 1 4 1 0 6 
Charadrius vociferus 0 0 1 0 1 
Carduelis tristis 1 0 0 0 1 
Tyrannus tyrannus 1 0 0 0 1 
Total Species: 7 15 23 25 14 77 
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2009 Fall Migrating Bird Surveys 
During 2009 fall migration, I observed one or more birds on 52% of surveys and 
recorded 305 individuals representing 15 species (Table 4) in 132 surveys (covering 12.5 
km of transects and 58.0 ha). Pooled mean abundance was significantly greater in the 
biomass production plots (6.02 birds ha
-1
) compared to adjacent row crop plots (0.38 
birds ha
-1
) (Mann-Whitney U Test, df = 1, Chi-square = 4.968, p = 0.026). There were no 
differences in avian abundance, species richness, or diversity between treatments.  
Table 4: Bird observations by treatment during 2009 fall migration. 






Biomass Prairie Total 
Junco hyemalis 3 27 15 51 9 105 
Zonotrichia albicollis 0 9 4 25 37 75 
Emberizine spp 0 16 16 12 12 56 
Chondestes grammacus 0 8 2 6 1 17 
Spizella arborea 0 1 3 4 6 14 
Melospiza melodia 0 9 0 0 1 10 
Carduelis tristis 0 0 1 7 0 8 
Calcarius pictus 0 0 0 4 0 4 
Melospiza georgiana 0 0 2 0 2 4 
Cistothorus platensis 0 2 0 0 1 3 
Passerella iliaca 0 2 0 0 1 3 
Zenaida macroura 0 1 0 1 0 2 
Spizella passerina 0 0 0 1 0 1 
Passerina cyanea 0 0 0 0 1 1 
Pheucticus ludovicianus 0 1 0 0 0 1 
Dendroica coronata 0 0 1 0 0 1 
Total Species: 15 3 76 44 111 71 305 
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2010 Winter Bird Surveys 
During 2010 winter surveys, I detected one or more birds on 4.2% of surveys and 
recorded 78 individuals representing 2 species in 96 surveys (covering 8.8 km of 
transects and 40.0 ha). I observed one flock of approximately 75 American Tree 
Sparrows (Spizella arborea) and three observations of individual Song Sparrows 
(Melospiza melodia), but observations were too infrequent to conduct statistical analysis. 
2010 Spring Migrating Bird Surveys 
During 2010 spring migration, I observed one or more birds on 60% of surveys and 
recorded 371 individuals representing 7 species (Table 5) in 144 surveys (covering 13.2 
km of transects and 60.1 ha). Pooled mean abundance was 6.18 birds ha
-1
. There were no 
differences in avian abundance, species richness, or diversity between treatments or soil 
types although avian abundance was greatest in Switchgrass and lowest in Prairie 
(ANOVA, F3 = 1.685, p = 0.188; Figure 2).  
Table 5: Bird observations by treatment during 2010 spring migration. 
Scientific Name Observations by Treatment 
Switchgrass Warm-season 
grass 
Biomass Prairie Total 
Melospiza melodia 125 49 32 18 224 
Junco hyemalis 20 23 64 21 128 
Passerella iliaca 3 0 1 5 9 
Spizella arborea 0 1 0 2 3 
Spizella pusilla 2 1 0 0 3 
Zonotrichia albicoll 1 0 0 1 2 
Turdus migratorius 0 2 0 0 2 
Total Species: 7 151 76 97 47 371 
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Treatment


















Figure 2: 2010 spring migrating bird abundance (x̄  ± SE) by treatment. 
2010 Breeding Bird Surveys 
During the 2010 breeding season, the seeded native vegetation had matured to the 
point where it was the dominant vegetation on the biomass production plots. I observed 
one or more birds on 71% of surveys and recorded 1102 individuals representing 30 
species (Table 6) in 516 surveys (covering 47.8 km of transects and 214.8 ha). Pooled 
mean abundance was 5.7 birds ha
-1
 in the biomass production plots versus 1.9 birds ha
-1
 
in row crop plots. Ten species nested in the plots based on observations of nests or 
fledglings (Table 6). Avian abundance (Wilcoxon signed rank test, df = 1, Z = 4.351, p < 
0.001), species richness (Wilcoxon signed rank test, df = 1, Z = 4.491, p < 0.001), 
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Table 6: Bird observations by treatment during the 2010 breeding season.  






Biomass Prairie Total 
Melospiza melodia* 3 35 27 56 54 175 
Spiza americana* 0 20 21 77 51 169 
Geothlypis trichas* 0 7 8 46 54 115 
Chondestes grammacus* 27 10 25 32 20 114 
Carduelis tristis* 3 17 16 32 45 113 
Cistothorus platensis* 1 47 35 2 15 100 
Spizella passerine* 8 15 14 39 17 93 
Passerina cyanea* 2 7 13 29 35 86 
Zenaida macroura 0 4 19 4 9 36 
Molothrus ater* 1 10 5 6 9 31 
Turdus migratorius 5 0 1 2 3 11 
Pooecetes gramineus 6 2 1 0 0 9 
Meleagris gallopavo* 0 6 0 0 0 6 
Toxostoma rufum 1 0 1 4 0 6 
Agelaius phoeniceus 0 0 0 1 3 4 
Spizella pusilla 0 0 0 3 1 4 
Archilochus colubris 0 0 0 1 3 4 
Dumetella carolinensis 1 0 1 1 0 3 
Dendroica palmarum 0 0 0 3 0 3 
Zonotrichia albicollis 0 0 0 3 0 3 
Troglodytes aedon 2 0 0 0 0 2 
Icterus galbula 1 0 0 0 1 2 
Emberizine spp 0 1 1 0 0 2 
Tyrannus tyrannus 0 0 0 1 1 2 
Charadrius vociferus 2 0 0 0 0 2 
Quiscalus quiscula 2 0 0 0 0 2 
Cyanocitta cristata 0 0 1 0 0 1 
Cardinalis cardinalis 0 0 1 0 0 1 
Passerculus sandwichensis 0 0 0 0 1 1 
Poecile atricapillus 1 0 0 0 0 1 
Picoides villosus 0 1 0 0 0 1 
Total Species 16 14 17 19 17 30 
Total Observations 66 182 190 342 322 1102 
 
* species nesting in the biomass production plots. 
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and diversity (Wilcoxon signed rank test, df = 1, Z = 4.419, p < 0.001) were significantly 
greater in 2010 compared to 2009.  
Within the 2010 breeding season, avian abundance, species richness, and diversity 
increased over time and varied by treatment, and for diversity, by soil type (Figure 3, 
Table 7) with no interactions. Avian abundance increased significantly each month while 
species richness and diversity were greater in June than May, but then were similar in 
June and July. For all avian response variables considered, there were no significant 
differences between Switchgrass and Warm-season grass or between Biomass and 
Prairie. Avian abundance in Biomass was significantly greater than in Switchgrass 
(Hotelling's T-Square, p < 0.02) and Warm-season grass (Hotelling's T-Square, p < 0.01) 
but in Prairie was the same as Switchgrass (Hotelling's T-Square, p < 0.06) and Warm-
season grass (Hotelling's T-Square, p < 0.12). Avian species richness and diversity in 
Biomass were the same as Switchgrass and Warm-season grass but in Prairie were 
significantly greater than both Switchgrass and Warm-season grass (Hotelling's T-
Square, all p’s < 0.02). Avian diversity was the only variable that varied significantly by 
soil type; diversity was significantly greater on clay loam than sandy loam (Hotelling's T-
Square, p < 0.05).  
All avian response variables were significantly greater in native vegetation than the 
adjacent row crops and in more diverse native vegetation than less diverse (Figure 4, 
Table 8). Avian abundance, species richness, and diversity during May and June were 
significantly greater in Forbs + Graminoids (Biomass and Prairie) than in Grasses  




























































Figure 3: 2010 breeding bird a, b) abundance, c, d) species richness, and e, f) diversity (x̄  
± SE) by treatment (column 1) and soil type (column 2).  
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Table 7: Multivariate repeated measures analysis of variance comparing average bird 
abundance, total species richness, and diversity by vegetation treatment and soil type over 
three survey periods (May, June, July) during the 2010 breeding season.  
Variable Source df MS F ratio p value 
Abundance Between subjects     
 Treatment 3 111.7 6.664 0.001 
 Soil type 2 42.7 2.549 0.092 
 Treatment × soil type 6 27.3 1.629 0.167 
 Error 36 16.8   
      
 Within Subjects     
 Month 2 290.0 24.726 < 0.001 
 Month × treatment 6 18.6 1.589 0.163 
 Month × soil type 4 18.8 1.599 0.184 
 Month × treatment × soil type 12 7.4 0.633 0.807 
 Error 72 11.7   
      
Species  Between subjects     
Richness Treatment 3 21.0 6.688 0.001 
 Soil type 2 11.9 3.776 0.032 
 Treatment × soil type 6 3.5 1.105 0.378 
 Error 36 3.1   
      
 Within Subjects     
 Month 2 39.2 20.714 < 0.001 
 Month × treatment 6 2.1 1.091 0.376 
 Month × soil type 4 3.1 1.645 0.172 
 Month × treatment × soil type 12 0.4 0.235 0.996 
 Error 72 1.9   
      
Diversity Between subjects     
 Treatment 3 10.9 6.196 0.002 
 Soil type 2 7.6 4.308 0.021 
 Treatment × soil type 6 2.1 1.184 0.336 
 Error 36 1.8   
      
 Within Subjects     
 Month 2 15.2 13.995 < 0.001 
 Month × treatment 6 1.2 1.059 0.395 
 Month × soil type 4 1.0 0.938 0.447 
 Month × treatment × soil type 12 .8 0.690 0.756 
 Error 72 1.1   
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(Switchgrass and Warm-season grass) and were significantly greater in Grasses than in 
row crops.  
2010 Breeding Bird Community Structure 
Avian community composition varied significantly by treatment and soil type with a 
significant treatment × soil type interaction (Table 9). I explored the interaction between 
treatment and soil type by comparing avian community composition within each soil type 
across the four treatments (Table 10) and within each treatment across the three soil types 
(Table 11). The effect of treatment on avian community composition varied among soil 
types. There were no differences in community composition between any treatments on 
sandy loam (Table 10) where Lark Sparrow and Chipping Sparrow (Spizella passerina) 
were the dominant species on all treatments (Figure 5). On loam and clay loam, 
community structure in Biomass and Prairie was significantly different than Switchgrass 
and Warm-season grass. On loam, community structure in Biomass was significantly 
different than Prairie with Dickcissel dominating in Biomass and Song Sparrow, 
Common Yellowthroat (Geothlypis trichas) and American Goldfinch (Carduelis tristis) 
the most frequently observed species in Prairie (Figure 6). However, on clay loam, 
community structure in Biomass and Prairie were the same with Common Yellowthroat, 
Dickcissel, Song Sparrow, American Goldfinch, and Indigo Bunting (Passerina cyanea) 
the most frequently observed species in both treatments (Figure 7). There were no 
differences in avian community composition between the Switchgrass and Warm-season 
grass plots within any soil type group (Table 10). 
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Figure 4: May and June 2010 a) abundance, b) species richness, c) diversity (x̄  ± SE) by 
treatment: Row = row crop, Grasses = pooled Switchgrass and Warm-season grass, and 
Forbs + Graminoids = pooled Biomass and Prairie. Means labeled with x, y, and z are 
significantly different (p < 0.05) as determined by Fisher’s LSD test. 
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Table 8: Analysis of variance comparing mean bird abundance, total species richness and 
diversity by treatments: Grasses = pooled Switchgrass and Warm-season grass, Forbs + 
Graminoids = pooled Biomass and Prairie, and row crop plots during May and June 2010. 
Variable Source df MS F ratio p value 
Abundance  
 Treatment 2 75.698 15.976 < 0.001 
 Error 57 4.738   
  
Richness  
 Treatment 2 56.612 25.945 < 0.001 
 Error 57 2.182   
  
Diversity  
 Treatment 2 25.446 19.146 < 0.001 
 Error 57 1.329   
 
Table 9: Permutational multivariate analysis of variance (PERMANOVA) comparing 
2010 breeding bird community composition by treatment and soil type. 
Source df MS F-ratio p-value 
Treatment 3 3345.9 2.83 0.0013 
Soil 2 11941.0 10.11 0.0001 
Treatment × soil 6 2333.8 1.98 0.0046 
Error 36 1181.7   
Total 47    
 
The effect of soil type on avian community composition also varied among treatments. 
Community structure within each treatment across the three soil types presented a similar 
pattern for Switchgrass, Warm-season grass, and Prairie, where community structure was 
significantly different on sandy loam than on loam and clay loam, which had similar bird 
communities (Table 11). However, in Biomass the pattern was reversed with community 
structure significantly different between loam and clay loam while communities on each 
were similar to sandy loam (Table 11). In the Biomass treatments, Dickcissel (percent 
occurrence = 56%, relative abundance = 16%) were dominant on loam while 
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Figure 5: Relative abundance vs. percent occurrence (percent of surveys on which a 
species was encountered) of birds observed on sandy loam soil in: a) Switchgrass, b) 
Warm-season grass, c) Biomass, and d) Prairie. Labels: first letter of each word in 
common name or: Di) Dickcissel, +) SS and WT share same point, *) BC and BT share 
same point.  
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Table 10: PERMANOVA pair-wise comparisons of avian community structure during 
the 2010 breeding season among treatments within soil type.  
Groups t p value 
Treatment within Sandy loam   
(Switchgrass, Warm-season grass) 0.8527 0.5741 
(Switchgrass, Biomass) 1.1523 0.2873 
(Switchgrass, Prairie) 1.1947 0.2429 
(Warm-season grass, Biomass) 1.1583 0.2829 
(Warm-season grass, Prairie) 1.0793 0.3362 
(Biomass, Prairie) 0.8692 0.5587 
   
Treatment within Loam   
(Switchgrass, Warm-season grass) 1.2061 0.2351 
(Switchgrass, Biomass) 2.6030 0.0084 
(Switchgrass, Prairie) 2.0936 0.0217 
(Warm-season grass, Biomass) 1.9105 0.0291 
(Warm-season grass, Prairie) 2.1479 0.0278 
(Biomass, Prairie) 1.7847 0.0387 
   
Treatment within Clay loam   
(Switchgrass, Warm-season grass) 0.7646 0.6439 
(Switchgrass, Biomass) 2.1879 0.0287 
(Switchgrass, Prairie) 1.8663 0.0506 
(Warm-season grass, Biomass) 1.9506 0.0227 
(Warm-season grass, Prairie) 1.7988 0.0361 
(Biomass, Prairie) 1.1603 0.2673 
 
Common Yellowthroat (percent occurrence = 44%, relative abundance = 12%) and Song 
Sparrow (percent occurrence = 47%, relative abundance = 10%) were the most frequently 
observed species on clay loam. Dickcissels were less frequently encountered (33%) with 
lower relative abundance (5%) on clay loam compared to loam. 
Non-metric multidimensional scaling (NMDS) of bird communities by treatment and 
soil type revealed that soil type effects on avian communities were most pronounced in 
grass treatments (Figure 8). Species contributing to the soil type differences between the 
grass treatments on sandy loam versus the other two soil types include Lark Sparrow  
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Figure 6: Relative abundance vs. percent occurrence (percent of surveys on which a 
species was encountered) of birds observed on loam soil in: a) Switchgrass, b) Warm-
season grass, c) Biomass, and d) Prairie. Labels: first letter of each word in common 
name or: Di) Dickcissel, +) BC, CS, CY, and IB all share the same point.  
  39 
Figure 7: Relative abundance vs. percent occurrence (percent of surveys on which a 
species was encountered) of birds observed on clay loam soil in: a) Switchgrass,  
b) Warm-season grass, c) Biomass, and d) Prairie. Labels: first letter of each word in 
common name or Di) Dickcissel.  
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(Figure 9), Chipping Sparrow (Figure 10), and Brown-headed Cowbird (Figure 11) which 
were more frequently observed on sandy loam and Song Sparrow (Figure 12), Common 
Yellowthroat (Figure 13), American Goldfinch (Figure 14), Sedge Wren (Cistothorus 
platensis) (Figure 15), and Indigo Bunting (Figure 16) which were encountered more 
often on loam and clay loam. Avian community composition varied significantly by 
treatment on loam and clay loam. Dominant species that contributed to this variation 
include Song Sparrow, Dickcissel (Figure 17), Common Yellowthroat, and American 
Goldfinch, which were more frequently observed in the Biomass and Prairie treatments 
and Sedge Wren which was more frequently observed in the Switchgrass and Warm-
season grass treatments. 
Table 11: PERMANOVA pair-wise comparisons of avian community structure during 
the 2010 breeding season among soil types within treatment. 
Groups t p value 
Soil within Switchgrass   
(sandy loam, loam) 2.2782 0.0121 
(sandy loam, clay loam) 2.1732 0.0188 
(loam, clay loam) 0.6104 0.7854 
   
Soil within Warm-season grass   
(sandy loam, loam) 2.5501 0.0067 
(sandy loam, clay loam) 2.5691 0.0058 
(loam, clay loam) 1.8834 0.0501 
   
Soil within Biomass   
(sandy loam, loam) 1.4052 0.1284 
(sandy loam, clay loam) 1.6556 0.0628 
(loam, clay loam) 1.9273 0.0285 
   
Soil within Prairie   
(sandy loam, loam) 1.8699 0.0271 
(sandy loam, clay loam) 2.0522 0.0177 
(loam, clay loam) 0.9753 0.4520 
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Figure 8: NMDS of 2010 breeding bird community composition by treatment and soil 
type among 48 biomass production plots.  
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Figure 9: NMDS bubble plot of Lark Sparrow abundance among 48 biomass production 
plots during the 2010 breeding season. A plot label with no bubble indicates no 
observations.  
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Figure 10: NMDS bubble plot of Chipping Sparrow abundance among 48 biomass 
production plots during the 2010 breeding season. A plot label with no bubble indicates 
no observations. 
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Figure 11: NMDS bubble plot of Brown-headed Cowbird abundance among 48 biomass 
production plots during the 2010 breeding season. A plot label with no bubble indicates 
no observations. 
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Figure 12: NMDS bubble plot of Song Sparrow abundance among 48 biomass production 
plots during the 2010 breeding season. A plot label with no bubble indicates no 
observations. 
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Figure 13: NMDS bubble plot of Common Yellowthroat abundance among 48 biomass 
production plots during the 2010 breeding season. A plot label with no bubble indicates 
no observations. 
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Figure 14: NMDS bubble plot of American Goldfinch abundance among 48 biomass 
production plots during the 2010 breeding season. A plot label with no bubble indicates 
no observations. 
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Figure 15: NMDS bubble plot of Sedge Wren abundance among 48 biomass production 
plots during the 2010 breeding season. A plot label with no bubble indicates no 
observations. 
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Figure 16: NMDS bubble plot of Indigo Bunting abundance among 48 biomass 
production plots during the 2010 breeding season. A plot label with no bubble indicates 
no observations. 
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Figure 17: NMDS bubble plot of Dickcissel abundance among 48 biomass production 
plots during the 2010 breeding season. A plot label with no bubble indicates no 
observations. 




North American grassland bird populations have been declining for many decades, 
primarily due to agricultural intensification on their breeding grounds (Askins et al. 
2007). Increased cultivation of conventional  biofuel crops (corn) is predicted to further 
degrade avian biodiversity in regions where row crops are the dominant land cover type 
while the opposite is predicted for increased establishment of advanced (lignocellulosic) 
biofuel crops consisting of native perennial vegetation (Meehan et al. 2010). However, 
there is a lack of empirical data comparing bird response to/bird use of alternative biofuel 
feedstocks (Robertson et al. 2010). Located in a landscape where row crops are the 
dominant land cover type, my study site provides an opportunity to test the models of 
Meehan et al. (2010) and fill in some of the gaps in our understanding of the influence 
increased establishment of biofuel crops will have on bird populations.  
Grassland birds evolved in an environment where appropriate habitat occurred in a 
shifting mosaic as a result of disturbance events (Wiens 1974). If recently established 
native vegetation provides suitable habitat for grassland birds in the tallgrass prairie 
region, I would expect to detect them using such sites relatively quickly. While Murray et 
al. (2003) suggest it may take some time for grassland birds to utilize newly established 
native plantings, two obligate grassland bird species, Dickcissel and Sedge Wren, 
colonized my study site within one year of seeding, demonstrating that grassland birds 
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can respond quickly to the establishment of native perennial vegetation as biofuel 
feedstocks.  
Grassland birds have varying needs, and as such, landscape and local habitat 
heterogeneity are positively correlated with avian diversity (Fuhlendorf et al. 2006, 
Olechnowski et al. 2009, Sample and Mossman 1997). I first discuss avian response to 
habitat heterogeneity among treatments and soil types and over time in my study. Then, I 
explore the implication of these experimental results relative to biofuel policy and the 
agricultural landscape.  
Bird Response to Habitat Heterogeneity by Treatment and Soil Type 
As landscape heterogeneity increases, the habitat requirements of a greater number of 
grassland bird species are met (Fuhlendorf et al. 2006, Olechnowski et al. 2009, Sample 
and Mossman 1997). My results suggest that avian biodiversity will be maximized by 
establishing varied biofuel feedstocks on heterogeneous soil types as compared to a 
single biofuel feedstock and soil type. However, it is unclear whether mosaics of smaller 
habitat patches or larger regions of homogenous plant communities would provide the 
greatest benefit at the landscape level.  
My research plots were situated on multiple soil types to provide the ability to test for 
differences in biomass yields. As such, I was surprised to observe significant differences 
in bird community composition between soil types. Birds respond to soil type 
characteristics that shape plant community physiognomy (Wiens 1969, Sample 1989), 
and soil moisture class is one such characteristic. There is a paucity of research 
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comparing avian community characteristics among similar habitat types on different 
soils. Each grassland bird species has a unique set of habitat characteristics to which it is 
best suited (Sample and Mossman 1997). In my study, the vegetation on drier soil was 
shorter, less dense, and patchier, providing more open habitat than the vegetation on 
wetter soils. Although I focus on soil moisture, other factors, such as fertility, varied 
between the three soil types and may also have played a role in the differences I 
observed.  
The fact that soil type had a significant effect on bird community composition among 
equivalent plant communities suggests soil type plays a role in avian habitat 
heterogeneity. As a result, regions of heterogeneous soil types may be able to support 
more bird species than equivalent regions of homogeneous soils. The bird community in 
Grasses on moister soils was more similar to the bird community in Forbs + Graminoids 
than it was to the community in Grasses on drier soil. Sample (1989) noted soil moisture 
played a role in shaping bird communities. For example, Sedge Wren were nearly twice 
as abundant in wet prairies versus dry pastures. Sedge Wren contributed to avian 
community differences between soil types and treatments in my study; they were more 
frequently observed in grass treatments, but only on moister soils where vegetation 
density was sufficient. 
The drier soil type in my study provided a habitat with more bare ground and 
vegetation that was shorter and less dense, suggesting the vegetation developed more 
slowly there. Lark Sparrow and Chipping Sparrow were among the dominant species 
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overall during the 2009 breeding season and during the 2010 breeding season on drier 
soil. In addition, the loam plots where both species were frequently observed during the 
2010 breeding season were adjacent to areas of sandy loam. The Lark Sparrow is listed as 
a species of greatest conservation need in Iowa (Zohrer 2005) and Wisconsin (Sample 
and Mossman 1997), where they have typically been observed in sparse vegetation on 
sandy soil (Sample 1989). Chipping Sparrow prefer open grassy dry habitat near wooded 
vegetation (Rising 1996) and establish breeding territories in locations that have recently 
been disturbed, for example, by fire (Bock and Lynch 1970). Both species would likely 
utilize native vegetation that was planted on drier soils, or during early successional 
stages. 
While bird species richness was lower on sandy loam, abundance was the same as on 
the other two soil types. Contrary to my observations, Sample (1989) observed lower bird 
abundance in dry habitats. My study was conducted at one geographic location where 
external factors influencing bird abundance were nearly uniform while Sample’s surveys 
were conducted over a wider geographic area. It is possible that Sample’s dry habitats 
were drier, especially when considering rainfall at my study site in 2010 was sufficient to 
cause flooding in low lying areas on more than one occasion. 
I documented grassland birds colonizing newly planted native vegetation before or 
during the second year of establishment, among them Dickcissel and Sedge Wren, both 
grassland bird species of greatest conservation need in Iowa (Zohrer 2005). I also 
observed Lark Sparrow, Chipping Sparrow, Song Sparrow, Common Yellowthroat, 
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American Goldfinch, Indigo Bunting, and Brown-headed Cowbird. These species 
represented more than 90% of all observations. All were observed fledging young in the 
biomass production plots and consequently would benefit from this form of biofuel 
production. Several are considered grassland birds by some (Mengel 1970, Ribic and 
Sample 2001) while others disagree (Bock and Lynch 1970, Sample 1989). As Mengel 
(1970) points out, different workers will arrive at different conclusions regarding the 
species that belong in the grassland bird group. Here I provide a brief description of my 
observations of grassland bird species as defined by Sauer et al. (2011) plus the Brown-
headed Cowbird.  
Dickcissel are more abundant in dense vegetation rich in forbs (Zimmerman 1971, 
Fletcher and Koford 2002) and forbs are often used as nesting substrates (Winter and 
Faaborg 1999). I observed greater Dickcissel abundance in Biomass and Prairie, where 
the forb canopy height exceeded that of the grass canopy. Within Biomass and Prairie, 
abundance was greater on moister soil where the vegetation was taller and more 
consistently dense. During the nesting season, Dickcissel were usually observed singing 
from standing dead or living forbs above the general height of the surrounding 
vegetation. Zimmerman (1971) had similar observations. Although Murray and Best 
(2003) observed greater Dickcissel abundance in totally harvested fields, their research 
was conducted in switchgrass fields and Dickcissel abundance was low. Dickcissel would 
benefit from biofuel crops rich in forbs, especially on moister soil. Abundance may be 
greater if some tall standing dead forbs remain after harvesting.  
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Sedge Wren prefer graminoid plant communities with 0.3 ha or more of tall, standing 
dead vegetation on mesic to wet soils for nesting territories (Sample 1989). 
Consequently, they require areas of unharvested vegetation. Murray and Best (2003) 
observed greater numbers of Sedge Wren in unharvested compared to totally or strip 
harvested switchgrass fields. Sedge Wren were more abundant in Switchgrass and Warm-
season grass and were only observed on moister soils, where vegetation density was 
sufficient to establish nesting territories. Most Sedge Wren activity occurs within the 
nesting territory during the breeding season (Burns 1982); thus my observations reflect 
nesting territory preferences. Sample (1989) noted that Sedge Wren tend to nest in tall, 
dense graminoid vegetation with litter. Even standing dead switchgrass was considered 
suitable for nesting. It seems clear Sedge Wren would benefit from biofuel crops 
composed of graminoid vegetation if some vegetation is left unharvested annually. 
Brown-headed Cowbirds were more frequently observed in the research plots on 
sandy loam soil, where bare ground was more prevalent than on the other two soil types. 
They feed on the ground in open areas (Lowther 1993); consequently, the sparser 
vegetation on sandy loam soil likely provided feeding sites. I observed mating behavior 
in the wooded edges and feeding in the mowed lanes on loam and clay loam soil. Brown-
headed Cowbird populations would likely benefit from biofuel crops composed of native 
vegetation planted near wooded edges since it appears as though host populations will 
increase under that scenario. This presents a trade-off for grassland birds. If greater 
availability of breeding habitat leads to increased cowbird populations, nest parasitism 
rates may also rise. The range of the Brown-headed Cowbird has expanded from pre-
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Columbian time as a result of agricultural activity (Lowther 1993) with a concomitant 
increase of woodland-field edges. This is an ecotone that female Brown-headed Cowbirds 
use to locate host nests (Norman and Robertson 1975).  
Abundance of the remaining species which constituted the bulk of my 2010 breeding 
season observations generally increased with soil moisture and plant community 
diversity. Bird preferences may have been influenced by greater litter coverage and 
greater more consistent vegetation density on moister soils and greater forb canopy 
compared to grass canopy height in Prairie and Biomass. Fletcher and Koford (2002) 
observed a positive relationship between percent forb cover and overall cover for 
American Goldfinch and additionally litter coverage for Common Yellowthroat. Indigo 
Bunting establish nesting territories in dense vegetation near a wooded edge (Payne and 
Payne 1998) and appear to respond to the same vegetation characteristics as Common 
Yellowthroat (Lanyon 1981). Song Sparrow rarely travel more than 10 m from cover and 
prefer to hide from danger in dense vegetation (Marshall 1948).  
While my results shed light on which grassland bird species might colonize various 
biofuel crops, they do not address the impact of harvesting. For example, will Dickcissel 
abundance decrease, and Chipping Sparrow and Lark Sparrow abundance increase during 
the breeding season subsequent to harvest? Additional research is required to understand 
how harvesting biofuel crops influences avian colonization.  
Overall, these observations underscore the need for heterogeneity in the landscape 
when managing for avian biodiversity. Greater bird species richness is observed in 
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landscapes with greater heterogeneity and harvesting can play a role in increasing 
heterogeneity (Murray and Best 2003, Fargione et al. 2009). However, population 
declines will continue if nesting success rates are insufficient for population growth.  
Bird Community Change Over Time in a New Planting 
The investigation of the underlying causes of grassland bird population declines has 
led some workers to question whether the birds are choosing habitats where reproductive 
success is insufficient for population growth (McCoy 1999), possibly a consequence of 
declining habitat. As a result, avian presence in an area may not be a sufficient indicator 
of the quality of available habitat (Brawn and Robinson 1996, Hughes et al. 1999, 
McCoy et al. 1999). This study provided several consistent indicators of nesting success. 
While I did not directly monitor nests or assess demographic rates, I observed 
significantly increasing abundance over the 2010 breeding season and juveniles of ten 
species using the research plots. Birds selected habitats and fledged young within the 
biofuel crop mosaic provided at this site. For example, Sedge Wren were more frequently 
observed in the grass treatments on moister soil and my observations included many 
juveniles. Likewise, Dickcissel and Common Yellowthroat preferred treatments including 
forbs on moister soil and I observed family groups including three or more juveniles of 
both on more than one occasion. Future studies are need to access avian egg production 
and nesting success in native vegetation established for biofuel production.  
The observed increase in avian abundance between each monthly period (May, June, 
and July) during the 2010 breeding season can be attributed to the many juveniles I 
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recorded in my surveys during June and July. I documented nesting activity and behavior 
and observed the presence of fledglings of ten species in the biomass production plots. 
Most juveniles were observed in the same general location on more than one occasion 
and grassland birds typically remain close to their nest site immediately after fledging 
(Suedkamp Wells et al. 2007, Hovick et al. 2011). My observation of nesting behaviors 
and juveniles coupled with the significant effect of time on abundance suggests that 
juveniles were successfully fledging from nests in the biomass production plots. I did not 
detect nesting activity or fledglings in row crop fields. My results are consistent with Best 
et al. (1997), who observed 13.5 times as many nests and more than triple the nesting 
species richness in CRP fields compared to row crop fields in a study spanning six 
midwestern US states.  
Specific local attributes associated with avian fecundity in biofuel crops remain 
unclear. For example, how does arthropod abundance and diversity influence grassland 
bird fecundity? Our plots were small but, the combined area of research plots and 
adjacent non-research field area seeded with native vegetation provided 33 ha of 
grassland habitat. This grassland was a part of a 100 ha block embedded in a landscape 
fragmented by agriculture. Arthropod abundance, species richness, and diversity likely 
increased in this block as a result of 1) no fertilizer or pesticide use on the site (Moreby 
and Southway 1998, Taylor et al. 2006), and 2) the presence of highly diverse plant 
communities (Gardiner et al. 2010, Robsertson et al. 2010, Myers et al. 2012), thus 
expanding food resources available to the birds. Indeed, most juvenile Dickcissels were 
observed with an arthropod in their mouth. Arthropod abundance does not appear to 
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influence avian colonization (Robertson et al. 2010), but could have an impact on egg 
production and fledgling survival.  
Arthropod abundance and species richness may have played a role in my observed 
increases of avian species richness during the 2010 breeding season, although Robertson 
et al. (2010) did not detect such a response. Arthropod abundance (Miller, personal 
communication) and lepidopteran abundance and species richness (Myers et al. 2012) 
increased at my site from early June to July. Since all but one of the bird species first 
observed in the biomass production plots after 31 May are typically in the region by early 
May and 25% are year-round residents (Kent and Dinsmore 1996), greater availability of 
food resources compared to the surrounding landscape may have drawn birds to the 
biomass production plots. Arthropods are an important resource for many bird species 
during the breeding season. Arthropod abundance and species richness are known to 
increase with plant and landscape heterogeneity (Weibull et al. 2000, Robertson et al. 
2010) and in my study, avian species richness increased from row crops, to Grasses, to 
Forbs + Graminoids.  
The apparent habitat quality provided by this site improved throughout the course of 
this study. Avian abundance and occurrence was lowest in the 2009 breeding season 
while species richness and diversity were greatest in the 2010 breeding season. When 
natural succession occurs in fallowed fields, avian diversity increases over time (Lanyon 
1981). Olechnowski et al. (2009) observed increasing avian abundance, species richness 
and diversity between the first two years of native tallgrass prairie restoration, but noted a 
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bimodal peak in these bird indices at 3 and >6 years since restoration. Grassland bird 
monitoring should continue at this site in order to provide comparisons between planted 
native biofuel feedstocks and restored prairie habitat documented by Olechnowski et al. 
Biofuel Policy Implications for Grassland Birds 
At a time when government policy calls for an expansion of biofuel production in the 
near term (EISA 2007), there is a need to understand the impact of various biofuel 
feedstock alternatives on avian biodiversity before landscape level changes required to 
meet the objective are implemented (Fargione et al. 2009). In my study, biofuel crops 
composed of native vegetation supported greater avian abundance, species richness, and 
diversity than row crops. Within one year after seeding 33 ha of native vegetation, avian 
abundance and species richness in Grasses was approximately double and in Forbs + 
Graminoids approximately triple that observed in adjacent row crop fields. Others have 
noted similar differences in bird abundance and species richness when comparing row 
crops with other grassland and wooded bird habitats (Sample 1989, Best et al. 1990, 
DeJong et al. 2004, Robertson et al. 2010). My row crop survey plots were all located 
near a wooded edge, where breeding bird abundance and species richness have been 
shown to be greatest (Best et al 1990); thus, my comparisons to the research plots are 
conservative. Robertson et al. (2010) observed greater bird species richness in 
switchgrass monocultures and native prairie versus corn fields, but point out a lack of 
available research sites seeded with native vegetation for biofuel feedstock production. 
Murray et al. (2003) predicted that converting highly erodible row crop fields and CRP 
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fields planted with switchgrass to biomass production of switchgrass in south-central 
Iowa would lead to local population increases of grassland birds of conservation concern. 
My results are consistent with these studies and were collected at a site established for 
biofuel production of native vegetation with varied degrees of native plant community 
diversity. The use of native vegetation for biofuel production will support greater bird 
abundance and species richness than conventional biofuel crops such as corn and there is 
a positive relationship between these bird indices and plant community diversity along 
with the diversity of plant communities employed.  
Agricultural production of biofuel feedstocks has the potential to enhance avian 
biodiversity, but it currently appears to be doing just the opposite. The EISA (2007) 
mandated minimum overall biofuel production quotas. It also mandated the amount of 
that total that is to be supplied by advanced biofuels, such as lignocellulosic ethanol 
produced from fibrous materials like those grown in this study. Production of 
lignocellulosic ethanol has not kept pace with mandates and its contribution to the overall 
biofuel quota is being reduced while the overall quota remains constant (Yacobucci 
2010). Demand for corn ethanol continues to support corn prices, predicted CRP acreage 
reductions are occurring, and evidence suggests CRP and other grasslands are being 
converted to row crop production (Fargione et al. 2009, Secchi et al. 2009, Faber et al. 
2012). Past research (Sample 1989, Best et al. 1995, Murray et al. 2003) and recent 
efforts to model biofuel production landscapes (Meehan et al. 2010) suggest the 
expansion of corn production in regions where it is already the dominant land cover type 
will lead to further declines in avian biodiversity. 
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The grassland bird habitat quality of CRP land would be enhanced by planting and 
harvesting biofuel feedstocks composed of native graminoids and forbs, especially if it is 
not already hayed or burned. Since accumulation of litter reduces grassland productivity 
and biodiversity (Knapp and Seastedt 1986), harvesting CRP fields will likely improve 
their habitat value for birds (Fargione et al. 2009). Native vegetation is less likely to 
become invasive and more likely to provide habitat for native birds than cultivars or 
exotic species (Fargione et al. 2009). From the birds’ perspective, the seeding of diverse 
native perennial plant communities in CRP plantings would contribute to landscape 
heterogeneity. 
Harvesting biofuel crops will alter grassland habitat and grassland birds will be 
influenced by removal of above ground vegetation. If the needs of birds are factored into 
site management, harvesting can have a positive influence on avian biodiversity 
(Fargione et al. 2009). For example, Murray et al. (2003) assert a balance of totally 
harvested and totally unharvested fields would be more beneficial to grassland birds of 
management concern than if all fields were strip harvested or totally harvested. Bird 
species richness is similar on harvested and unharvested switchgrass fields and both 
support different grassland bird species of management concern (Murray and Best 2003, 
Roth et al. 2005). Since avian habitat requirements vary, the percent of biomass harvested 
should depend on the abundance of grasslands in the region (Murray et al. 2003, Roth et 
al. 2005, Fargione et al. 2009). 
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Grassland birds would also benefit indirectly from the planting of native vegetation on 
CRP land. Being allowed to harvest plantings would provide land owners with an 
incentive to keep land in the CRP program, and counter the influence of higher corn 
prices on increased row crop production (Secchi et al. 2009, Farigone 2010). In Iowa, 
where much of the land under CRP contract is generally less productive and prone to 
erosion (Secchi et al. 2009), planting native vegetation would enhance erosion control 
when compared to returning these lands to the cultivation of row crops, thus preserving 
their future productivity.  
Bird abundance, species richness, diversity, and community composition were 
influenced by biofuel feedstock diversity. Community composition was different and 
abundance, species richness, and diversity were greater in plant communities that 
included forbs along with graminoids. However, due to varied habitat requirements of 
grassland birds, their abundance and species richness will be greatest when a variety of 
native plant communities are employed as biofuel feedstocks. Previous research has 
illustrated the need for a varied approach when managing for diversity in other 
communities. Biodiversity in plant (Howe 1999), butterfly (AB Swengel 1996), and bird 
communities (Fuhlendorf et al. 2006) is enhanced when a variety of management regimes 
are applied to grassland habitat. Olechnowski et al. (2009) have shown the age of 
tallgrass prairie restorations influences avian community composition and suggest varied 
age classes of vegetation when managing for avian biodiversity. The combination of 
treatments and soil types employed in this study provided a mosaic of habitat types that, 
in total, supported greater avian abundance and species richness than any of the habitat 
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types alone. However, monocultures of any of these treatments would enhance grassland 
bird habitat compared to the row crops which are currently the dominant source of 
biofuels produced in the U.S. today. It remains uncertain whether nesting success rates 
are sufficient for population growth. Additional research is needed to access grassland 
bird nesting success rates in planted biofuel crops. 
Conclusion 
Biofuel feedstock diversity does influence avian abundance, species richness, 
diversity, and community composition. Soil type also influences avian species richness, 
diversity, and community composition. Biofuel feedstocks will support the greatest 
regional grassland bird species richness and diversity when a diverse set of native plant 
communities are planted on diverse soil types. However, any single feedstock used in this 
study on any single soil type implemented in a region where the predominant land use is 
row crop production will enhance grassland bird species richness and diversity compared 
to growing additional row crops in the same area.  
  66 
REFERENCES 
Anderson MJ. 2001. A New Method for Non-Parametric Multivariate Analysis of 
Variance. Austral Ecology 26: 32-46. 
Anderson MJ, Corley RN, Clarke KR. 2008. PERMANOVA+ for PRIMER: Guide to 
Software and Statistical Methods. PRIMER-E, Plymouth, UK. 
Askins RA. 1993. Population Trends in Grassland, Shrubland, and Forest Birds in 
Eastern North America. Current Ornithology 11:1-34. 
Askins RA, Chavez-Ramirez F, Dale BC, Haas CA, Herkert JR, Knopf FL, Vickery PD. 
2007. Conservation of Grassland Birds in North America: Understanding Ecological 
Processes in Different Regions. Ornithological Monographs 64:1–46. 
Bakker KK, Eggebo SL, Higgins KF, Naugle DE. 2004. Grassland Bird Use of CRP 
Fields that Differ by Age-class and Cover Type. Proceedings of the 19
th
 North 
American Prairie Conference 19:70-75. 
Bakker KK, Higgins KF. 2009. Planted Grasslands and Native Sod Prairie: Equivalent 
Habitat for Grassland Birds? Western North American Naturalist 69:235-242. 
Bakker KK, Naugle DE, Higgins KF. 2002. Incorporating Landscape Attributes into 
Models for Migratory Grassland Bird Conservation. Conservation Biology 16:1638-
1646. 
Baldwin PH. 1973. The Feeding Regime of Granivorous Birds in Shortgrass Prairie in 
Colorado. In Productivity, Population Dynamics and Systematics of Granivorous 
Birds, ed. Kendeigh SC, Pinowski J. pp. 237-247. Polish Sci. Publ. Warsaw. 
Bellamy PE, Croxton PJ, Heard MS, Hinsley SA, Hulmes L, Hulmes S, Nuttall P, Pywell 
RF, Rothery P. 2008. The Impact of Growing Miscanthus for Biomass on Farmland 
Bird Populations. Biomass and Bioenergy 33:191-199. 
Best LB. 1972. First-Year Effects of Sagebrush Control on Two Sparrows.  The Journal 
of Wildlife Management 36:534-544. 
  67 
Best LB. 1978. Field Sparrow Reproductive Success and Nesting Ecology. The Auk 
95:9-22. 
Best LB, Campa H III, Kemp KE, Robel RJ, Ryan MR, Savidge JA, Weeks HP Jr., 
Winterstein SR. 1997. Bird Abundance and Nesting in CRP Fields and Cropland in 
the Midwest: A Regional Approach. Wildlife Society Bulletin 25:864-877. 
Best LB, Freemark KE, Dinsmore JJ, Camp M. 1995. A Review and Synthesis of Habitat 
Use by Breeding Birds in Agricultural Landscapes of Iowa. American Midland 
Naturalist 134:1-29. 
Best LB, Whitmore RC, Booth GM. 1990. Use of Cornfields by Birds during the 
Breeding Season: The Importance of Edge Habit. The American Midland Naturalist 
123:84-99. 
Bock CE, Lynch JF. 1970. Breeding Bird Populations of Burned and Unburned Conifer 
Forest in the Sierra Nevada. The Condor 72:182-189. 
Brawn JD, Robinson SK. 1996. Source-Sink Population Dynamics may Complicate the 
Interpretation of Long-Term Census Data. Ecology 77:3-12. 
Burger LD, Burger LW Jr, Faaborg J. 1994. Effects of Prairie Fragmentation on 
Predation on Artificial Nests. The Journal of Wildlife Management 58:249-254. 
Burns JT. 1982. Nests, Territories, and Reproduction of Sedge Wrens (Cistothorus 
platensis). The Wilson Bulletin 94:338-349. 
Chalfoun AD, Thompson III FR, Ratnaswamy MJ. 2002. Nests Predators and 
Fragmentation: a Review and Meta-Analysis. Conservation Biology 16:306-318. 
Clarke KR, Green RH. 1988. Statistical Design and Analysis for A ‘Biological Effects’ 
Study. Marine Ecology Progress Series 46:213-226. 
  68 
Clarke KR, Somerfield PJ, Chapman MG. 2006. On Resemblance Measures for 
Ecological Studies, Including Taxonomic Dissimilarities and a Zero-Adjusted Bray-
Curtis Coefficient for Denuded Assemblages. Journal of Experimental Marine Biology 
and Ecology 330: 55-80. 
Clarke KR, Warwick RM. 2001. Change in Marine Communities: An Approach to 
Statistical Analysis and Interpretation. 2
nd
 edn. PRIMER-E Ltd., Plymouth, UK. 
Coppedge BR, Engle DM, Master RE, Gregory MS. 2001. Avian Response to Landscape 
Change in Fragmented Southern Great Plains Grasslands. Ecological Applications 
11:47-59. 
Cowan T. 2008. Conservation Reserve Program: Status and Current Issues. 
Congressional Research Service – The Library of Congress. 
http://www.nationalaglawcenter.org/assets/crs/RS21613.pdf assessed on 22 May 2011. 
Daubenmire R. 1959. A Canopy-Coverage Method of Vegetational Analysis. Northwest 
Science 33: 43-64.  
Davis SK. 2004. Area Sensitivity in Grassland Passerines: Effect of Patch Size, Patch 
Shape, and Vegetation Structure on Bird Abundance and Occurrence in Southern 
Saskatchewan. The Auk 121:1130-1145. 
Day RW, Quinn GP. 1989. Comparisons of Treatments after an Analysis of Variance in 
Ecology. Ecological Monographs 59: 433-463. 
Diamond JM. 1975. Assembly of Species Communities. In Ecology and Evolution of 
Communities. ed. Cody ML, Diamond JM, pp. 342-444. Cambridge, MA: Belknap 
Press of Harvard University Press. 
DeJong JR, Naugle DE, Bakker KK, Quamen FR, Higgins KF. 2004. Impacts of 
Agricultural Tillage on Grassland Birds in Western South Dakota. Proceedings of the 
19
th
 North American Prairie Conference 19:76-80. 
Donald PF, Sanderson FJ, Burfield IJ, van Bommel FPJ. 2006. Further Evidence of 
Continent Wide Impacts Of Agricultural Intensification on European Farmland Birds, 
1990-2000. Agriculture, Ecosystems and Environment 116:189-196. 
  69 
Donovan TM, Jones PW, Annand EM, Thompson III FR. 1997. Variation in Local-scale 
Edge Effects: Mechanisms and Landscape Context. Ecology 78:2064-2075. 
Dwernychuk LW, Boag DA. 1973. Effect of Herbicide-Induced Changes in Vegetation 
on Nesting Ducks. Canadian Field-Naturalist 87:155-165. 
Eilers LJ, Roosa DM. 1994. The Vascular Plants of Iowa. University of Iowa Press, Iowa 
City, Iowa, USA. 
[EPA] Environmental Protection Agency. 1996. New Pesticide Fact Sheet, PB-96-
181516. US EPA Office of Prevention, Pesticides, and Toxic Substances. EPA737-F-
96-005 
[ESIA] Energy Independence and Security Act. 2007. Public Law 110-140 H. R. 6. 
Faber S, Rundquist S, Male T. 2012. Plowed Under: How Crop Subsidies Contribute to 
Massive Habitat Losses. Environmental Working Group research report. Accessed 19 
October 2012. http://static.ewg.org/pdf/plowed_under.pdf. 
Fargione JE. 2010. Is bioenergy for the birds? An Evaluation of Alternative Future 
Bioenergy Landscapes. Proceedings of the National Academy of Science 107:18745-
18746. 
Fargione JE, Cooper TR, Flaspohler DJ, Hill J, Lehman C, McCoy T, Mcleod S, Nelson 
EJ, Oberhauser KS, Tilman D. 2009. Bioenergy and Wildlife: Threats and 
Opportunities for Grassland Conservation. Bioscience 59:767-777. 
Fargione JE, Hill J, Tilman D, Polasky S, Hawthorne P. 2008. Land Clearing and the 
Biofuel Carbon Debt. Science 319:1235-1238. 
Fletcher RJ Jr., Koford RR. 2002. Habitat and Landscape Associations of Breeding Birds 
in Native and Restored Grasslands. Journal of Wildlife Management 66:1011-1022. 
Fletcher RJ Jr., Koford RR. 2003. Spatial Responses of Bobolinks (Dolichonyx 
oryzivorus) Near Different Types of Edges in Northern Iowa. The Auk 120:799-810. 
  70 
[FSA] Farm Service Agency. 2007. Conservation Reserve Program: Annual Summary 
and Enrollment Statistics – FY 2007. Natural Resources Analysis Group, EPAS, FSA, 
USDA. 
[FSA] Farm Service Agency. 2009. Conservation Reserve Program: Annual Summary 
and Enrollment Statistics – FY 2009. Natural Resources Analysis Group, EPAS, FSA, 
USDA. 
Fuhlendorf SD, Harrel WC, Engle DM, Hamilton RG, Davis CA, Leslie Jr DM. 2006. 
Should Heterogeneity be the Basis for Conservation? Grassland Bird Response to Fire 
and Grazing. Ecological Application 16:1706-1716. 
Gardiner MA, Tuell JK, Isaacs R, Gibbs J, Ascher JS, Landis DA. 2010. Implications of 
Three Biofuel Crops for Beneficial Arthropods in Agricultural Landscapes. Bioenergy 
Research 3:6-19. 
Grant TA, Madden E, Berkey GB. 2004. Tree and Shrub Invasion in Northern Mixed-
Grass Prairie: Implications for Breeding Grassland Birds. Wildlife Society Bulletin 
32:807-818. 
Gross A. 1921. The Dickcissel of the Illinois Prairies. Auk 38:163-184. 
Haddad NM, Tilman D, Haarstad J, Ritchie M, Knops JMH. 2001. Contrasting Effets of 
Plant Richness and Composition on Insect Communities: A Field Experiment. 
American Naturalist 158:17-35. 
Hartman JC, Nippert JB, Orozco RA, Springer CJ. 2011. Potential Ecological Impacts of 
Switchgrass (Panicum Virgatum L.) Biofuel Cultivation in the Central Great Plains, 
USA. Biomas and Bioenergy 35:3415-3421. 
Helzer CJ, Jelinski DE. 1999. The Relative Importance of Patch Area and Perimeter-Area 
Ratio to Grassland Breeding Birds. Ecological Applications 9:1448-1458. 
Herkert JR. 1994. The Effects of Habitat Fragmentation on Midwestern Grassland Bird 
Communities. Ecological Applications 4: 461-471. 
  71 
Herkert JR, Glass WD. 1999. Henslow's Sparrow Response to Prescribed Fire in an 
Illinois Prairie Remnant. Studies in Avian Biology 19:160-164. 
Herkert JR, Reinking DL, Wiedenfeld DA, Winter M, Zimmerman JL, Jensen WE, Fink 
EJ, Koford RR, Wolfe DH, Sherrod SK, Jenkins MA, Faaborg J, Robinson SK. 2003. 
Effects of Prairie Fragmentation on the Nest Success of Breeding Birds in the 
Midcontinental United States. Conservation Biology 17:587-594. 
Herkert JR, Simpson SA, Westemeier RL, Esker TL, Walk JW. 1999. Response of 
Northern Harriers and Short-Eared Owls to Grassland Management in Illinois. The 
Journal of Wildlife Management 63:517-523. 
Hill J. 2009. Environmental Costs and Benefits of Transportation Biofuel Production 
from Food- and Lignocellulose-Based Energy Crops: A Review. Agronomy for 
Sustainable Development 27:1-12. 
Horn DJ, Koford RR. 2004. Could the Area-sensitivity of Some Grassland Birds be 
Affected by Landscape Composition? Proceedings of the 19
th
 North American Prairie 
Conference 19:109-116. 
Hovick TJ, Miller JR, Koford RR, Engle DM, Debinski DM. 2011. Postfledging Survival 
of Grasshopper Sparrows in Grasslands Managed With Fire and Grazing. The Condor 
113:429-436. 
Howe HF. 1999. Dominance, Diversity and Grazing in Tallgrass Restoration. Ecological 
Restoration 17:59-66. 
Hughes JP, Robel RJ, Kemp KE, Zimmerman JL. 1999. Effects of Habitat on Dickcissel 
Abundance and Nest Success in Conservation Reserve Program Fields in Kansas. The 
Journal of Wildlife Management 63:523-529. 
Igl LD, Ballard BM. 1999. Habitat Association of Migrating and Overwintering 
Grassland Birds in Southern Texas. The Condor 101:771-782. 
Jackson LL. 2002. Restoring Prairie Processes to Farmlands. In The Farm as a Natural 
Habitat: Reconnecting Food Systems with Ecosystems, ed. Jackson DL, Jackson LL, 
pp. 137-154. Washington DC: Island Press. 
  72 
Japuntich RD, Althoff DP, Gipson PS, Pontius JS. 2006. Monitoring Small Landbird 
Communities in Tallgrass Prairie: An Assessment of Strip-transect and Fixed-radius 
Point Counts. Proceedings of the North American Prairie Conference 20: 341-348. 
Johnson DH, Igl LD. 1995. Contributions of the Conservation Reserve Program to 
Populations of Breeding Birds in North Dakota. The Wilson Bulletin 107:709-718. 
Johnson DH, Igl LD. 2001. Area Requirements of Grassland Birds: A Regional 
Perspective. The Auk 118:24-34. 
Johnson DH, Schwartz MD. 1993. The Conservation Reserve Program and Grassland 
Birds. Conservation biology 7:934-937. 
Johnson RG, Temple SA. 1990. Nest Predation and Brood Parasitism of Tallgrass Prairie 
Birds. The Journal of Wildlife Management 54:106-111. 
Judd SD. 1901. The relation of sparrows to agriculture. U.S. Department of Agriculture, 
Biological Survey Bulletin No. 15. 
Kantrud HA. 1981. Grazing Intensity Effects on the Breeding Avifauna of North Dakota 
Native Grasslands. The Canadian Field-Naturalist 95: 404-417. 
Kent TH, Dinsmore JJ. 1996. Birds in Iowa. Iowa City and Ames (Iowa); 391 p. 
Kitulagodage M, Astheimer LB, Buttemer WA. 2008. Diacetone Alcohol, A Dispersant 
Solvent, Contributes to Acute Toxicity of a Fipronil-Based Insecticide in a Passerine 
Bird. Ecotoxicology and Environmental Safety 71:597-600. 
Knapp AK, Seastedt TR. 1986. Detritus Accumulation Limits Productivity of Tallgrass 
Prairie. BioScience 36:662-668. 
Knoph FL. 1994. Avian Assemblages on Altered Grasslands. Studies in Avian Biology 
15: 247-257. 
Lanyon WE. 1981. Breeding Birds and Old Field Succession on Fallow Long Island 
Farmland. Bulletin of the American Museum of Natural History 168:1-66. 
  73 
Lewandowski I, Clifton-Brown JC, Scurlock JMO, Huisman W. 2000. Miscanthus: 
European Experience with a Novel Energy Crop. Biomass and Bioenergy 19:209-227. 
Lowther PE. 1993. Brown-headed Cowbird (Molothrus ater). In The Birds of North 
America, ed. Poole A, Gill F. Philadelphia: The Academy of Natural Sciences; 
Washington, D.C.: The American Ornithologists’ Union. 
Mac Arthur RH. 1959. On the Breeding Distribution Pattern of North American Migrant 
Birds. The Auk 75:318-325. 
Marshall JT Jr. 1948. Ecologic Races of Song Sparrow in the San Francisco Bay Region: 
Part I. Habitat and Abundance. The Condor 50:193-215. 
Martin AC, Zim HS, Nelson AL. 1951. American Wildlife and Plants, a Guide to 
Wildlife Food Habits. McGraw-Hill Book Company Inc. New York, NY. 
McCoy TD, Ryan MR, Burger, Jr. LW. 2001. Grassland Bird Conservation: CP1 vs. CP2 
Plantings in Conservation Reserve Program Fields in Missouri. The American 
Midland Naturalist 145:1-17. 
McCoy TD, Ryan MR, Kurzejeski EW, Burger, Jr. LW. 1999. Conservation Reserve 
Program: Source or Sink Habitat for Grassland Birds in Missouri? The Journal of 
Wildlife Management 63:530-538. 
Meehan TD, Hurlbert AH, Gratton C. 2010. Bird Communities in Future Bioenergy 
Landscapes of the Upper Midwest. Proceedings of the North American Academy of 
Science 107:18533-18538. 
Mengel RM. 1970. The North American Central Plains as an Isolating Agent in Bird 
Speciation. Pp. 280-340 in W Dort and JK Jones (eds.), Pleistocene and recent 
environments of the central Great Plains. University of Kansas Press, Laurence. 
Millenbah K, Winterstein SR, Campa III H, Furrow LT, Minnis RB. 1996. Effects of 
Conservation Reserve Program Field Age on Avian Abundance, Diversity, and 
Productivity. The Wilson Bulletin 108:760-770. 
  74 
Mohapatra S, Deepa M, Jagdish GK, Rashmi N, Kumar S, Prakash GS. 2010. Fate of 
Fipronil and its Metabolites in/on Grape Leaves, Berries and Soil Under Semi-Arid 
Tropical Climatic Conditions. Bulletin of Environmental Contamination and 
Toxicology 84:587-591. 
Moreby SJ, Southway SE. 1998. Influence of Autumn Applied Herbicides on Summer 
and Autumn Food Available to Birds in Winter Wheat Fields in Southern England. 
Agriculture, Ecosystems and Environment 72:285-297. 
Murphy MT. 2003. Avian Population Trends within the Evolving Agricultural Landscape 
of Eastern and Central United States. The Auk 120:20-34. 
Murray LD, Best LB. 2003. Short-Term Bird Response to Harvesting Switchgrass for 
Biomass in Iowa. The Journal of Wildlife Management 67:611-621. 
Murray LD, Best LB, Jacobsen TJ, Braster ML. 2003. Potential Effects on Grassland 
Birds of Converting Marginal Cropland to Switchgrass Biomass Production. Biomass 
and Bioenergy 25:167-175. 
Myers MC, Hoksch BJ, Mason JT. 2012. Butterfly Response to Floral Resources during 
Early Establishment at a Heterogeneous Prairie Biomass Production Site in Iowa, 
USA. Journal of Insect Conservation 16:457-472. 
[NASS] National Agricultural Statistics Service. 2000. 2000 agricultural statistics. U.S. 
Department of Agriculture, Washington, D.C.: Government Printing Office. 
[NASS] National Agricultural Statistics Service. 2009. 2007 Census of Agriculture. U.S. 
Department of Agriculture, United States Summary and State Data, volume 1. 
Geographic Area Services Part 51, AC-02-1-51. 
Newton I. 1998. Bird Conservation Problems Resulting from Agricultural Intensification 
in Europe. In Avian Conservation; Research and Management. ed. Marzluff JM, 
Sallabanks R. pp. 307-322 Island Press, Washington, D.C. 
Norman RF, Robertson RJ. 1975. Nest-Searching Behavior in the Brown-Headed 
Cowbird. The Auk 92:610-611. 
  75 
NPUD 2002. National Pesticide Use Database. CropLife Foundation Crop Protection 
Research Institute. http://www.croplifefoundation.org/cpri_npud2002.htm. 
Olechnowski BFM, Debinski DM, Drobney P, Viste-Sparkman K, Reed WT. 2009. 
Changes in Vegetation Structure through Time in a Restored Tallgrass Prairie 
Ecosystem and Implications for Avian Diversity and Community Composition. 
Ecological Restoration 27:449-457. 
Patten MA, Shochat E, Reinking DL, Wolfe DH, Sherrod SK. 2006. Habitat Edge, Land 
Management, and Rates of Brood Parasitism in Tallgrass Prairie. Ecological 
Applications 16:687-695. 
Patterson MP, Best LB. 1996. Bird Abundance and Nesting Success in Iowa CRP Fields: 
The Importance of Vegetation Structure and Composition. American Midland 
Naturalist 135:153-167. 
Payne RB, Payne LL. 1998. Brood Parasitism by Cowbirds: Risks and Effects on 
Reproductive Success and Survival in Indigo Buntings. Behavioral Ecology 9:64-73. 
Pimenthel D. 2005. Envirnmental and Economic Costs of the Application of Pesticides 
Primarily in the United States. Environment, Development and Sustainability 7:229-
252. 
Ralph CJ, Geupel GR, Pyle P, Martin TE, DeSante DF. 1993. Handbook of Field 
Methods for Monitoring Landbirds. U.S. Department of Agriculture, General 
Technical Report  PSW-GTR-144. 41 p. 
Rands MRW. 1985. Pesticide Use on Cereals and the Survival of Grey Partridge Chicks: 
A Field Experiment. Journal of Applied Ecology 22:49-54. 
Reynolds RE, Shaffer TL, Sauer JR, Peterjohn BG. 1994. Conservation Reserve 
Program: Benefit for Grassland Birds in the Northern Plains. Transactions of the 59
th
 
North American Wildlife and Natural Resources Conference 328-336. 
Ribic CA, Sample DW. 2001. Associations of Grassland Birds with Landscape Factors in 
Southern Wisconsin. American Midland Naturalist 146:105-121. 
  76 
Rising JD. 1996. A Guide to the Identification and Natural History of the Sparrows of the 
United States and Canada. Academic Press, San Diego, CA. 
Robel RJ, Briggs JN, Dayton AD, Hulbert LC. 1970. Relationship between Visual 
Obstruction Measurements and Weight of Grassland Vegetation. Journal of Range 
Management 23:295-97. 
Robertson BA, Doran PJ, Loomis LR, Robertson JR, Schemske DW. 2010. Perennial 
Biomass Feedstocks Enhance Avian Diversity. Bioenergy 3:235-246. 
Robertson BA, Doran PJ, Loomis ER, Robertson JR, Schemske DW. 2011. Avian Use of 
Perennial Biomass Feedstocks as Post-Breeding and Migratory Stopover Habitat. 
PLoS ONE 6:e16941. 
Rotenberry JT. 1985. The Role of Habitat in Avian Community Composition: 
Physiognomy or Floristics? Oecologia 67:213-217. 
Roth AM, Sample DW, Ribic CA, Paine L, Undersander DJ, Bartelt GA. 2005. Grassland 
Bird Response to Harvesting Switchgrass as a Biomass Energy Crop. Biomass and 
bioenergy 28:490-498. 
Sample DW. 1989. Grassland Birds in Southern Wisconsin: Habitat Preference, 
Population Trends, and Response to Land Use Changes. M.S. thesis, University of 
Wisconsin, Madison. 
Sample DW, Mossman MJ. 1997. Managing Habitat for Grassland Birds A Guide for 
Wisconsin. Department of Natural Resources, Madison, WI. 
Sauer JR, Hines JE, Fallon JE, Pardieck KL, Ziolkowski Jr. DJ, Link WA. 2011. The 
North American Breeding Bird Survey, Results and Analysis 1966 - 2009. Version 
3.23.2011 USGS Patuxent Wildlife Research Center, Laurel, MD. 
Secchi S, Gassman PW, Williams JR, Babcock BA. 2009. Corn-Based Ethanol 
Production and Environmental Quality: A Case of Iowa and the Conservation Reserve 
Program. Environmental Management 44:732-744. 
  77 
Semere T, Slater FM. 2007. Ground Flora, Small Mammal and Bird Species Diversity in 
Miscanthus (Miscanthus × giganteus) and Reed Canary-Grass (Phalaris arundinacea) 
Fields. Biomass and Bioenergy 31:20-29. 
Steckly SR. 2006. Soil Survey of Black Hawk County, Iowa. USDA NRCS; 526 p. 
Stephans SE, Koons DN, Rotella JJ, Willey DW. 2003. Effects of Habitat Fragmentation 
on Avian Nesting Success: A Review of the Evidence at Multiple Spatial Scales. 
Biological Conservation 115:101-110. 
Suedkamp Wells KM, Ryan MR, Millspaugh JJ, Thompson III FR, Hubbard MW. 2007. 
Survival of Postfledging Grassland Birds in Missouri. The Condor 109:781-794. 
Swengel AB. 1996. Effects of Management on Butterfly Abundance in Tallgrass Prairie 
and Pine Barrens. Biological Conservation 83:77-89. 
Swengel SR. 1996. Management Responses of Three Species of Declining Sparrows in 
Tallgrass Prairie. Bird Conservation International 6: 241-253. 
Taylor RL, Maxwell BD, Boik RJ. 2006. Indirect Effects of Herbicides on Bird Food 
Reserouces and Beneficial Arthropods. Agriculture, Ecosystems and Environment 
116:157-164. 
Tilman D, Hill J, Lehman C. 2006. Carbon-Negative Biofuels from Low-Input High-
Diversity Grassland Biomass. Science 314:1598-1600. 
Tilman D, Socolow R, Foley JA, Hill J, Larson E, Lynd L, Pacala S, Reilly J, Searchinger 
T, Somerville C, Williams R. 2009. Beneficial Biofuels- The Food, Energy, and 
Environment Trilemma. Science 325:270-271. 
Tyner WE. 2008. The US Ethanol and Biofuels Boom: Its Origins, Current Status, and 
Future Prospects. BioScience 58:646-653. 
Vickery PD, Herkert JR. 2001. Recent Advances in Grassland Bird Research: Where do 
we go from here? The Auk 118:11-15. 
  78 
Vickery PD, Tubaro PL, Da Silva JMC, Peterjohn BG, Herkert JR, Cavalcanti RB. 1999. 
Conservation of Grassland Birds in the Western Hemisphere. Studies in Avian 
Biology 19:2-26. 
Weibull A, Bengtsson J, Nohlgren E. 2000. Diversity of Butterflies in the Agricultural 
Landscape: The Role of Farming System and Landscape Heterogeneity. Ecography 
23:743-750. 
Wiens JA. 1969. An Approach to the Study of Ecological Relationships among Grassland 
Birds. Ornithological Monographs No 8:1-93. 
Wiens JA. 1973. Pattern and Process in Grassland Bird Communities. Ecological 
Monographs 43:237-270. 
Wiens JA. 1974. Climatic Instability and the "Ecological Saturation" of Bird 
Communities in North American Grasslands. The Condor 76:385-400. 
Williams, DW, Jackson LL, Smith DD. 2007. Effects of Frequent Mowing on Survival 
and Persistence of Forbs Seeded into a Species-Poor Grassland. Restoration Ecology 
15:24–33. 
Williams PR, Inman D, Aden A, Heath GA. 2009. Environmental and Sustainability 
Factors Associated With Next-Generation Biofuels in the U.S.: What Do We Really 
Know? Environmental Science & Technology 13:4763-4775. 
Wilson MF. 1976. The Breeding Distribution of North American Migrant Birds: A 
Critique of MacArthur (1959). The Wilson Bulletin 8:582-587. 
Winter M, Faaborg J. 1999. Patterns of Area Sensitivity in Grassland-Nesting Birds. 
1999. Conservation Biology 13:1424-1436. 
Winter M, Johnson DH, Faaborg J. 2000. Evidence for Edge Effects on Multiple Levels 
in Tallgrass Prairie. The Condor 102:256-266. 
  79 
Yacobucci BD. 2010. Waiver Authority Under the Renewable Fuel Standard (RFS). 
Congressional Research Service RS22870. 
http://www.nationalaglawcenter.org/assets/crs/RS22870.pdf  accessed on 16 October 
2011. 
Zimmerman JL. 1971. The Territory and Its Density Dependent Effect on Spiza 
americana. The Auk 88:591-612. 
Zohrer JJ. 2005.  Securing a Future for Fish and Wildlife – A Conservation Legacy for 
Iowans. http://www.iowadnr.gov/wildlife/diversity/files/iwap_part3.pdf accessed on 9 
February 2011. 














  81 
Table A1: Analysis of variance comparing vegetation characteristics by treatment and 
soil type during the 2010 growing season. 
 
df MS F-ratio p value 
Tallest living grass 
Treatment 3 105.667 1.799 0.165 
Soil 2 849.426 14.463 <0.001 
Treatment x soil 6 87.187 1.484 0.211 
Error 36 58.732   
     Tallest living forb 
Treatment 3 1844.644 13.922 <0.001 
Soil 2 3288.622 24.821 <0.001 
Treatment x soil 6 51.209 0.386 0.883 
Error 36 132.495   
     Visual obstruction readings (cm) 
Treatment 3 314.109 6.407 0.001 
Soil 2 2261.723 46.136 <0.001 
Treatment x soil 6 58.9 1.201 0.328 
Error 36 49.023   
     Visual obstruction readings coefficient of variation 
Treatment 3 20.288 4.944 0.006 
Soil 2 66.135 16.116 <0.001 
Treatment x soil 6 4.941 1.204 0.327 
Error 36 4.104   
     Percent litter to bare ground ratio 
Treatment 3 3.692 2.475 0.077 
Soil 2 11.706 7.846 0.001 
Treatment x soil 6 4.750 3.184 0.013 
Error 36 1.492   
     Standing dead cover     
Treatment 3 375.091 15.837 <0.001 
Soil 2 314.822 13.292 <0.001 
Treatment x soil 6 102.161 4.313 0.002 
Error 36 23.685   
     Grass cover 
Treatment 3 566.836 4.788 0.007 
Soil 2 416.236 3.516 0.040 
Treatment x soil 6 233.509 1.888 0.110 
Error 36 118.384   
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Table A2: Common and scientific names of all birds encountered in the biomass 
production plots from June 2009 through August 2010. 
Common Name Scientific Name 
Wild Turkey Meleagris gallopavo 
Killdeer Charadrius vociferus 
Mourning Dove Zenaida macroura 
Ruby-throated Hummingbird Archilochus colubris 
Hairy Woodpecker Picoides villosus 
Eastern Kingbird Tyrannus tyrannus 
Blue Jay Cyanocitta cristata 
Black-capped Chickadee Poecile atricapillus 
House Wren Troglodytes aedon 
Sedge Wren Cistothorus platensis 
American Robin Turdus migratorius 
Gray Catbird Dumetella carolinensis 
Brown Thrasher Toxostoma rufum 
Yellow-rumped Warbler Dendroica coronata 
Palm Warbler Dendroica palmarum 
Common Yellowthroat Geothlypis trichas 
Rose-breasted Grosbeak Pheucticus ludovicianus 
Northern Cardinal Cardinalis cardinalis 
Indigo Bunting* Passerina cyanea 
Dickcissel* Spiza americana 
Field Sparrow Spizella pusilla 
American Tree Sparrow Spizella arborea 
Chipping Sparrow* Spizella passerina 
Savanna Sparrow Passerculus sandwichensis 
Vesper Sparrow Pooecetes gramineus 
Lark Sparrow Chondestes grammacus 
White-throated Sparrow Zonotrichia albicollis 
Fox Sparrow Passerella iliaca 
Song Sparrow Melospiza melodia 
Swamp Sparrow Melospiza georgiana 
Dark-eyed Junco Junco hyemalis 
Smith's Longspur Calcarius pictus 
Brown-headed Cowbird Molothrus ater 
Red-winged Blackbird Agelaius phoeniceus 
Common Grackle Quiscalus quiscula 
Baltimore Oriole Icterus galbula 
American Goldfinch Carduelis tristis 
 
